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MARKETING OF SHEEP IN HORRO-GUDURU WOLLEGA ZONE OF OROMIA: 
PRICE AND SUPPLY ANALYSIS 
ABSTRACT 
 
 
Sheep production is an integral part of the subsistence crop-livestock systems of Ethiopian 
highlands and plays crucial role in economic development and poverty reduction. So far, 
there have been very limited efforts exerted to introduce and promote market oriented sheep 
production and hence the current income generating capacity of the sector is not at all 
encouraging. Therefore, reorientation of sheep production systems towards consumer 
preferences and demands through timely and comprehensive transformation need to be given 
due emphasis. With the intent of contributing in this line, this study analyzed whether prices 
of indigenous sheep breed are influenced by their own traits as well as other market and 
temporal factors. The level and intensity of market participation was also investigated as the 
willingness and level of market participation by the sheep keepers determines the 
effectiveness of interventions to reorient the production system. Determinants of the decision 
to participate in sheep production were also identified and analyzed in this study.  
 
Data were generated both from the rural households in their villages and from sheep sellers 
and buyers in four rural markets in Horro-Guduruu Wollega Zone of Oromia.  Hedonic 
pricing model was fitted for the analysis of determinants of indigenous sheep price. The 
empirical result indicates that phenotypic traits of traded sheep (age, color, body size, and 
tail condition) are major determinants of price implying the need for development of 
comprehensive breeding program. Season and market locations are also very important 
determinants of price suggesting the need to target season and market place in breeding 
program so that sheep keepers benefit from the intervention and hence the program become 
sustainable.     
 
To investigate production participation decision, Probit model was employed and the result 
show that livestock asset base, access to extension service, access to market information and 
educational background of the household head are significant determinants of production 
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participation decision. Thus, the implications are that improving farmers’ access to extension 
service including livestock market information, improving access to credit service to develop 
farmers’ asset base, and expanding educational opportunity in the rural area would result in 
farm households’ ability to diversify their livelihood strategy. Poisson and Negative Binomial 
models were employed to examine factors determining the level of market participation by 
sheep keepers. The empirical results of both types of models consistently show that flock size, 
family size, educational background, experience, access to market information, and access to 
veterinary service were decisive determinants of level of market participation for sheep 
keeping farm households.  The implications of these empirical results indicate the need to 
expand and capacitate service providing institutions, like veterinary services and livestock 
market information services, to improve access to the services and hence enhance market 
participation and advance producers income. As educational background and production 
experience are also the vital determinants, provision of training to farm household is 
important to increase market participation by sheep keepers. 
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1. INTRODUCTION 
 
1.1. Background 
 
The agricultural sector is the single most important sector in the Ethiopian economy and thus 
features strongly in current economic policy of the country - agricultural development led 
industrialization (ADLI). It serves as source of income and employment for the majority of 
the country’s population. Agriculture also contributes over 50% to the national GDP, and 
about 90% of the foreign exchange earnings. Despite its enormous contribution to the national 
economy, the sector is characterized by subsistence orientation, low labor productivity, soil 
degradation, erratic rainfall, land tenure insecurity and fragmentation, weak research base and 
extension system, lack of financial services, imperfect agricultural market and poor 
infrastructure (Befekadu and Birhanu, 1999). 
 
Stallholder crop–livestock mixed farming is the most common form of agricultural activity in 
the Ethiopian highlands. Livestock production is an integral part of the economy not only as a 
source of draught power, manure and transport to support the crop sector, but it is also a 
source of cash, nutrition and asset for the rural communities. It is considered as a mobile bank 
that could be hired, shared, inherited and contracted by rural households. Although livestock’s 
contribution to facilitate the crop sector has long been recognized all along, livestock 
productivity in Ethiopia is declining to a level that may affect sustainability of crop-livestock 
systems. Major constraints are lack of feed, in terms of quality and quantity, and basic 
veterinary services.  The market prospect of the sector is also not promising and livestock 
producers’ market participation is not encouraging implying difficulty in transforming the 
production system towards market orientation.  
  
Ethiopia is highly endowed with livestock resources. The total livestock population of the 
country, excluding nomadic areas, is estimated at 43.12 million heads of cattle, 23.63 million 
heads of sheep, 18.56 million heads of goats, 34.2 million poultry, and 0.62 million camels 
(CSA, 2007). Almost all livestock that the rural smallholders keep are indigenous breeds. 
These indigenous breeds are known for their resistance and tolerance to the local low input 
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and harsh environments. Among the livestock, sheep play a crucial role in supplementing crop 
production and filling the financial needs of smallholder farmers in the highlands of central 
Ethiopia as they are relatively liquid livestock asset raised for sell.    
 
In spite of the fact that the role of the sheep sub sector is manifold, the country has no well 
developed breeding strategy for the indigenous and stress resistant sheep genetic resources. 
No tangible effort has been made either to transform the production system towards market 
orientation or to improve the productivity of the indigenous sheep breed.  Even though there 
were some attempts in the past, it was not participatory in approach and was not successful. A 
good example in the study area is “Horro Guduru sheep breeding and improvement center” 
which was established during the Derge regime, in the late 1980s by the government without 
any participation of the rural households. Finally, this breeding center was closed and changed 
to “Horro Guduru cattle breeding center” after more than ten years of trial with out any 
output. The main reasons for the failure of this effort, among others, are inappropriate 
selection of location and neglect of the rural community. 
 
Alike other highland farmers in Ethiopia, smallholder farmers in Horro-Guduru Wollega area 
practice crop-livestock mixed farming system. The area produces different staple crops but 
there are no any important cash crops being produced.  Therefore, the livestock system in 
general and the sheep production in particular plays a crucial role in the rural economy by 
generating income and employment. However, the sheep production system in the area is 
traditional, and semi-subsistence oriented. Therefore, reorientation of sheep production 
systems towards consumer preferences and demands through timely and comprehensive 
transformation need to get top priority.  
 
Market orientation of the sheep production system requires proper valuation of both traded 
and non-traded products and services generated from the system. Proper identification and 
valuation of the different characteristics would make resource allocation decisions among the 
different livestock improvement interventions for commercialization of the system quite fast 
and smooth (Kassie, 2007). Market orientation alone is not sufficient condition for 
sustainability of the breeding program. Sheep producers should be able to supply their 
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product; i.e., sheep, to the market. Therefore, impeding factors for sheep producers’ market 
participation need to be identified. According to Kosgey and Okeyo (2007), for genetic 
improvement programs to be fully embraced, the farmer/community should be able to recoup 
the investments made.  
 
No study has been undertaken in the study area regarding any livestock marketing in general 
and sheep marketing in particular.  Past studies in the country on livestock marketing research 
focused on the surrounding areas of Addis Ababa and Southeast parts of the country. This 
study, therefore, fills the gap by focusing on traits of indigenous sheep as determinants of 
sheep price using Hedonic pricing model and determinants of sheep producers’ participation 
in the market place. Hence, it contributes to the establishment of sustainable participatory 
sheep breeding program in Horro-Guduru Wollega Zone of Oromia.  
 
1.2. Statement of the Problem 
 
 
In the highlands of Ethiopia, livestock as an important component of the mixed farming 
system, perform multiple functions including provision of high quality food, draft power and 
manure or crop production, and cash income (Gezahegn et. al., 2006).  Even though livestock 
are extremely important in Ethiopia to economic development and to poverty reduction these 
points are not well recognized and reflected in policy (Haldreman, 2004). Only less than 0.3% 
of the government’s recurrent expenditure is allocated to development of the livestock sub-
sector. This implies that financial flows to the livestock sector do not reflect its contribution to 
the economy (FAO, 2004). Consequently, the performance and contribution of the sector to 
national economy compared with its potential is not promising and characterized by low 
productivity.  Despite the attempts to improve agricultural productivity through research and 
development interventions in the last few decades, the major research and development 
investments have been concentrating on the crop sector with little attention to livestock 
related challenges.  
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The livestock production system of the country at large, according to Kassie (2007), is 
predominantly subsistence oriented whereby the livestock products and services are primarily 
produced for household/on farm consumption. The system is also a low input production 
process with most of the required inputs supplied by the family. According to Berhanu et. al. 
(2007), although efforts are being made to introduce and promote market oriented livestock 
production, with or without fattening, these efforts are miniscule compared with the size of 
the livestock population and the number of household who rear them. Such a system can 
hardly meet the growing demand for livestock products and services due to the ever 
increasing human population. Therefore, farm households are not in a position to benefit from 
the general increase in demand for sheep both domestically and world wide due to an 
increasing total and urban population. 
 
The main reasons for the very low performance of the livestock production sector include 
inadequate feed and nutrition, widespread diseases and poor health, poor breeding practice, 
inadequate livestock development policies with respect to extension, marketing, and credit, 
and poor infrastructure (EEA, 2005). Under such circumstances, the possible increment in 
output resulting from the introduction of improved technology and/or conservation of stress 
resistant indigenous genetic resources could not be exploited. 
 
Sheep contribute importantly to the livelihood of resource-poor farmers in Horro-Guduru 
Wollega Zone of Oromia. As stated by Kosgey (2004), sheep are of great importance as 
source of livelihood and contribute to the sustenance of landless, smallholder and marginal 
farmers, especially to the poor in the rural areas throughout the developing countries. The 
ownership of small ruminants is a safe investment for a family as well as to gain social 
prestige within the community. In addition, their small size, their reproductive efficiency, and 
low initial investment make them suitable for raring by smallholder farmers.  
 
Despite the crucial role of sheep in the livelihood of smallholder farmers, challenges and 
opportunities of sheep market in the study area are yet to be studied. Development efforts 
made to date to improve agricultural productivity and hence the living standard of rural 
household did not give due attention to sheep production systems. The marketing aspect of 
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sheep is untouched in the area and information on the sector in general is lacking. Hence 
establishment of market oriented breeding strategy and/or development of informed 
intervention policy, based on sheep, that improves the living standard of rural farm 
households has not been possible. However, if a given sheep breeding program is to benefit 
smallholder sheep producers, the consumers’ preferences of sheep traits needs to be identified 
and valued. This will enable identification of sheep market opportunities by identifying 
preferred traits of sheep in the market that can be beneficial to smallholders. This is crucial as 
consumers’ demand and preference is continuously changing over time.  
 
Preference identification is not an end by itself to benefit smallholder sheep keepers. 
Smallholder sheep keepers’ market participation is crucial as it is incentive to technology/ 
innovation adoption and hence to make the program sustainable. Therefore, smallholder sheep 
producers need to participate in the sheep market adequately since market opportunity could 
not be exploited unless smallholder sheep producers effectively participate in the market. 
Therefore, impeding factors for smallholders’ sheep market participation needs to be 
identified.   
 
1.3. Objectives of the Study 
 
The objective of the project is to develop breeding strategy that improves the productivity of 
indigenous sheep and hence the living standard of rural households in the study area. 
However, increasing productivity by itself is not an end. The production system needs to be 
market oriented and farmers should benefit from the process to make the system sustainable. 
The general objective of the study, therefore, is to study sheep marketing focusing on the 
determinants of supply and price in Horro-Guduru Wollega zone of Oromia. 
 
The specific objectives of the study are: 
 
1. To identify the factors that affects the price of indigenous sheep in the study area. 
2. To identify socio-economic, institutional and other factors that affect sheep producers’ 
participation in the market. 
6 
 
1.4. Significance of the Study 
 
In mixed crop-livestock production systems improvement in livestock production and 
productivity is a concern for development planners. Accordingly, improvement in the sheep 
production system is of great importance for agricultural communities in which sheep render 
multitude of services. However, improvement in production alone is meaningless without 
adequate commercialization. This study will contribute towards commercialization of the 
sheep production system by identifying the impeding factors for farmers’ participation in 
marketing and determinants of indigenous sheep price in Horro-Guduru Wollega zone of 
Oromia region. On top of this, identifying traits of indigenous sheep as determinants of price 
will enable development of market oriented breeding strategy. 
1.5. Scope and Limitations of the Study 
 
The study purposively focused on Horro sheep marketing in Horro-Guduru Wollega zone of 
Oromia region as the main objective of the study is to develop indigenous sheep breeding 
strategy in the area. Therefore, the study was limited to this area focusing on analyzing the 
determinants of sheep supply and price. The study was limited in scope in terms of both area 
and problem investigated. The collection of data on market prices and potential price 
determinants were made using transaction surveys over intervals to capture seasonal and 
occasional variations. And yet, the survey was only for few months and this obviously limits 
the temporal dimension of the study.  
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2. LITERATURE REVIEW 
 
 
Under this section review of concepts and theories related to the study and empirical works 
are made.  
 
2.1. Basic Concepts 
  
2.1.1. Market and Marketing 
 
 
Originally the term market stood for the place where buyers and sellers gathered to exchange 
their goods and services. A market is a point, or a place or sphere within which price-making 
force operates and in which exchanges of title tend to be accompanied by the actual 
movement of the goods affected (Backman and Davidson, 1962). The contemporary 
definition of markets is that a market is an institution with in which the forces of demand and 
supply operate; sellers, and consumers are in constant communication, and there is change of 
title to goods and / or services (Kilingo and Kariuki, 2001).  
 
Marketing is another concept related to market and it is defined in different ways by different 
scholars. According to Kotler and Armstrong (2003), marketing is defined as managing 
markets to bring about profitable exchange relationships by creating value and satisfying 
needs and wants. Marketing has an intrinsic productive value, in that it adds time, form, place 
and possession utilities to products and commodities. Through the technical functions of 
storage, processing and transportation, and through exchange, marketing increases consumer 
satisfaction from any given quantity of output (Mendoza, 1995). As expressed by FAO (1986) 
by specifying the concept to agricultural marketing, food and agricultural marketing not only 
means the movement of agricultural produce from the farm where it is produced to the 
consumer or manufacturer but also includes the marketing of production supplies to farmers 
like fertilizer, pesticide, chemicals, machinery, animal feed, tools and equipments.  
 
According to Backman and Davidson (1962) marketing is essentially a process like farming, 
manufacturing, mining or construction. Therefore, it is functional in character and can be 
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defined as the performance of all activities necessary in effecting transfer of ownership of 
products, providing for their physical distribution, and facilitating the entire marketing 
process.  
 
2.1.2. Market supply, Marketable surplus, and Marketed surplus 
 
Marketable surplus is the quantity of the produce remaining after meeting the farm 
households’ consumption and utilization requirements for in-kind payments and other 
obligations such as gifts, donations, etc. The marketed surplus shows the quantity actually 
sold after accounting for losses and retention by the farmers. Thus marketed surplus may be 
equal to marketable surplus, it may be less if the entire marketable surplus is not sold out and 
the farmers retain some stock and if losses are incurred at the farm or during transit (Thakur 
et. al., 1997). Market supply, on the other hand, refers to the amount actually taken to the 
markets irrespective of the need for home consumption and other requirements whereas the 
market surplus is the residual with the producer after meeting the requirement of seed, 
payment in kind and consumption by peasant at source (Wolday, 1994). For this study the 
concept of marketed surplus makes sense as we are dealing with number of sheep sold. 
 
2.1.3. Marketing system 
 
Broadly, marketing system may be defined as the totality of product channels, market 
participants and business activities involved in the physical and economic transfer of goods 
and services from producers to consumers (Branson and Norvel, 1983). The system comprises 
several, usually stable, interrelated structures that, along with production, distribution, and 
consumption, underpin the economic process (Mendoza, 1995). More concisely, marketing 
system is a collection of channels, middlemen and business activities, which facilitate the 
physical distribution, and economic exchange of goods (Kohls and Uhl, 1985). 
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2.1.3. Economic value 
 
Economic value is commonly expressed in monetary terms, but it is in fact interpreted by 
economists as a difference in utility levels. Economic value measures the change in the level 
of satisfaction of an individual. Under some assumptions these individual measures can be 
aggregated to provide collective measures of welfare change (Scarpa, 1999). According to 
Freeman (2003), economic value can only be defined in terms of some underlying criterion 
that identifies what is to be considered good, where good is defined in terms of the well-being 
of an individual. Well-being of an individual can in turn be represented by an ordinal utility of 
function. 
 
2.2. Theoretical Aspects  
 
2.2.1. Methods of measuring resource/genetic/ value 
 
Empirical techniques for estimating resource values can be divided into two broad categories 
based on the source of the data (Mitchell and Carson, 1989). The data can come, either from 
observations of people acting in real-world settings where people must live with the 
consequences of their choices or from people’s response to hypothetical questions (Freeman, 
2003).  
 
There are two major approaches to measure resource value; the observed and hypothetical 
techniques. The observed or market-based techniques rely on the influence of the availability 
or quality of the resource on individuals’ purchases of market goods, while hypothetical 
techniques involve asking individuals to reveal values through responses to contingent 
questions or behavior in contingent choice situations (Rege, 1999). These two methods, 
observed and hypothetical, become more common now to be referred as revealed preference 
and stated preference. The principal difference between revealed and stated preference is that 
the latter draw their data from people’s responses to hypothetical questions rather than from 
observations of real world choices (Freeman, 2003). For this study focus is given to the 
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revealed preference method since data on the sheep transaction can be collected from real 
world situation, during transaction on the spot. 
 
2.2.2. Revealed preference valuation method  
 
Revealed preference methods are based on actual behavior reflecting utility maximization 
subject to constraints. It involves estimation of value from observations of behavior in the 
market for related goods (Freeman, 2003). According to Scarpa (1999) also, valuation 
methods based on revealed preferences are based on the availability of observable 
transactions for the commodities of interest in properly functioning markets. By exchanging 
money for commodities agents reveal their preferences.  
 
Scarpa (1999) further explained, theoretically, how value can be estimated from given 
transactions starting with the market demand and market supply. According to his 
explanation, the market demand function 1( , , )i i iD p p m measures the quantity demanded in a 
market when the prevailing price for the commodity is
ip , the price of substitutes for the 
commodity is 
1i
p

and the total budget of the community for that category of expenditures 
is m .  
 
The market supply function  ,i ipS w measures the quantity supplied in a market when the 
prevailing price for the commodity is 
ip , and the vector of input prices for the input required 
for production is w . The market equilibrium price *p  is the price at which there is no excess 
demand, that is, the price at which the market clears and  
 1, ,i i i mp pD    ,i ipS w .  
 
Given a prevailing market price, all doses of the animal commodity are accessible at that 
amount. But, as demand slopes downward, buyers (consumers) in the market may be willing 
to pay higher amounts for doses of product smaller than the equilibrium quantity. So an 
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adequate measure of economic value for buyers (consumers) is the consumer’s surplus 
associated with a given prevailing price. Similarly, given a prevailing market price, with 
negatively inclined production cost functions (increasing marginal cost of supply), for some 
doses, market suppliers may be willing to accept prices lower than the prevailing one. So, an 
adequate measure of value for the supplier is the so called producer’s surplus. Society is made 
of individuals who are in turn both suppliers and buyers, so an adequate measure of value for 
society as a whole is the aggregation of both surpluses. 
 
The observed or market-based techniques, which rely on the influence of the availability or 
quality of the resource on individuals’ purchases of market goods, include hedonic price, 
travel cost, random utility/discrete choice models, and averting cost (behavior) models. In this 
study the hedonic pricing model was used for two reasons. First, it is apparent that the 
different levels of the attributes that differentiate sheep are known to both buyers and sellers. 
Perceptions of buyers about the levels of sheep attributes considered were used in this study, 
regardless of the possibility of imperfect knowledge and differences in measurement. The 
buyers and sellers in the markets considered are mainly the local community who raise, 
consume and sell sheep. Following the household modeling literature, a hedonic model can be 
employed to value the attributes of the quality differentiated indivisible goods/sheep/. 
Therefore, estimation of the relationship between the characteristics of the cattle and their 
prices can be made through hedonic price analysis (Haab and McConnel, 2002; Kassie, 2007). 
The second reason is that there is a growing wealth of literature applying hedonic modeling in 
price analysis of animal genetic resources that highlights the comprehensiveness of the 
estimation.     
 
2.2.3. The theory of Hedonic price model   
   
Hedonic prices are defined as the implicit prices of attributes and are revealed to economic 
agents from observed prices of differentiated products and the specific amounts of 
characteristics associated with them (Rosen,1974). This valuation method is based on the 
principle that individual animals can be seen as a bundle of phenotypic traits which are 
relevant in terms of its economic performance. However, the bundle may also refer directly to 
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the traits of the genetic endowment of the individual animal, as known on the basis of progeny 
analysis. Each of these traits contributes to the total economic value of the genetic resources 
of the individual animal. The collection of these values in the breed can be an indication of 
the genetic value of the breed itself (Scarpa, 1999).  
 
According to Astrom and Vencatasawmy (2001), the underlying hypothesis of hedonic price 
analysis is that products have utility bearing attributes and that the values of those attributes 
contribute to the price of the product. The observed product's price is therefore a composite of 
the implicit values of the product's attribute. Haab and McConnel (2002) explain that the 
essence of hedonic modeling is to use systematic variation in price of good that can be 
attributed to the characteristics of goods to impute the willingness to pay for the 
characteristics. Under competitive market conditions and with enough variability in the 
relevant vector of phenotypic (or genetic) traits of the animals transacted in the market, one 
can estimate a hedonic function which attempts to decompose the total value of the single 
animal transacted into its relevant traits and their intensity of expression (Scarpa, 1999). 
 
 2.2.4. Price analysis 
 
 
According to Kohls and Uhl (1985) factors influencing farm prices are grouped into four. The 
first one is supply condition that includes production decision, weather, disease, harvested 
acreage, etc. The second one is demand condition that includes income, prices, tastes and 
preferences, population, etc. The marketing system includes value added, price and cost 
behavior, and procurement strategies. Finally, government may influence price through price 
support, supply control, trade policies or policies influencing domestic demand. 
 
Under a given demand and supply condition, the specific lot of an agricultural product differs 
in terms of its attributes and prices often vary depending on different qualities, classes and 
varieties (William and Robinson,1990). According to Barret and Mutabatser (2007) under 
competitive market conditions, implicit price will normally be related to product attributes 
alone, without accounting for producer or supplier attributes. However, as widely documented 
in the literature, rural market in developing countries, particularly in sub-Saharan Africa 
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(SSA), are rarely competitive. The reasons include poor communications and transport 
infrastructure, limited rule of law, and restricted access to commercial finance, all of which 
make market function much less efficient. In addition, in the study area there is no formal 
grading and standardization. Agreement on price is reached by a long one-on-one bargaining 
between a seller and a buyer. Sheep are sold on a per-head basis. Under such circumstances, 
prices paid will reflect buyers' preference for various animal characteristics/traits, the buyers’ 
purpose - such as reselling, consumption, or reproduction, the season of the year and the 
bargaining skills of buyers and sellers. 
 
Different researchers used different methods to analyze factors that affect livestock price. 
Barrett et. al. (2003), for example, used a structural-heteroskedasticity-in-mean estimation 
method to identify the determinants of livestock producer prices in dry lands of northern 
Kenya. Their result shows that the importance of animal characteristics, periodic events that 
shift local demand or supply and, rainfall determines the prices producers receive. Williams 
et. al. (2006) used a hedonic model to analyze cattle price in West Africa and reported that 
location, season, and cattle attributes influence cattle price. 
 
Study in Ethiopia by Getachew (2002), for example, analyzed the effect of animal 
characteristics and buyer's purpose on the price of cattle using linear regression model. In his 
study, the variations in weight, sex, age, color, conditions of the animal and purpose of 
purchase influenced price per kg. Similarly, other related studies revealed that animal 
characteristics; weight, age, condition, sex, color, as well as buyers’ purpose and seasons were 
important in explaining variations in price among animals, using multiple regression 
(Andargachew and Brokken, 1993 and Solomon, 2004).  
 
A study by Gezahegn et. al.(2006) used hedonic price model to investigate determinants of 
inter-annual price variation of  small ruminant price. Their study also indicated that age, heart 
girth and height sheep and goat significantly influence inter-annual price variation, other 
things being equal. Recently, Kassie (2007) used heteroscedasticity consistent hedonic price 
modeling to examine factors that influence cattle price in rural markets of central Ethiopia. 
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The results of this study show that season, market location, age and sex class of cattle, body 
size and age are very important determinants of cattle price. 
 
2.2.5. Supply analysis  
 
 
Supply is limited by the costs of bringing goods to the market irrespective of how much can 
be bought. Hence product markets develop with the support of transport, communication, and 
infrastructure. The expansion becomes cumulative. The more the number of commodities the 
more will be the income of the producer (Maurice and Phillips, 1986). Therefore, study of 
impeding factors on the success of commercialization is of great interest.  
 
The close interdependence and synergy between crop and livestock production under 
smallholder mixed farming systems is well recognized. However, different socio-economic, 
institutional, and other factors are bottlenecks to smallholders’ livelihood diversification. The 
challenges, among others, are small land holding due to population pressure in the highlands, 
access to commercial credit, access to market and poor marketing facility, and risk of loss due 
to poor/ no veterinary services. These production bottlenecks challenge farmers’ decision to 
diversify their livelihoods, like participation in sheep keeping.  
 
Subsistence agriculture embodies large inefficiencies in resource allocation that poor 
countries cannot afford. Subsistence farmers are among the poorest and most vulnerable of all 
groups. Integrating traditional smallholder farmers into the exchange economy is therefore 
important for stimulating growth, economic development, food security and poverty 
alleviation. The need for increased agricultural commercialization is nowhere as evident as in 
Sub-Saharan Africa (SSA). Large numbers of African households remain excluded from 
participating in the cash economy, and risks and transaction costs far exceed those of any 
other region of the world (Delgado, 1995). 
 
There are a number of factors, which influence the small farmers in their decision-making 
process on their output. The bases for the decisions could be issues ranging from in house to 
the exogenous uncontrollable factors. This obviously affects the transition to a market 
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production system or the degree of commercialization. The main factors which determine 
market supply could be divided into economic factors which include product price, provision 
of consumer goods, production cost and market supply costs and political factors which 
include the level of government intervention (Maro.1986; cited in Wolday, 1994).  
 
Empirical studies of supply relationships for farm products indicate that changes in product 
prices typically (but not always) explain a relatively small proportion of the total variation in 
output that has occurred over a period of years. The weather and pest influence short run 
changes in output, while the long run changes in supply are attributable to factors like 
improvement in technology, which result in higher yields. The principal causes of shifts in the 
supply are changes in input prices, and changes in returns from commodities that compete for 
the same resources. Changes in technology that influence both yields and costs of production 
(efficiency), changes in the prices of joint products, changes in the level of price and yield 
risk faced by producer, and institutional constraints such as acreage control programs also 
shift the supply (Tomek and Robinson, 1990).  
 
A study by Bahta and Bauer (2007) applied a binary logistic regression to investigate the 
major factors which determine livestock farmers’ decision to participate in the market using 
data generated from five districts of South Africa. Their finding shows that distance to 
market, market information, births, extension visit and training were both logical and 
statistically significant determinants of farmers’ decision to sell their livestock.  
 
Baldwin et. al. (2008) regressed household off take rate of both cattle and small ruminant 
against certain household characteristics, including number of household members, number of 
children, education, and employment to identify factors determining household livestock 
marketing in central Kenya. In addition, they used a logit model to determine if those same 
characteristics affect the overall decision to sell instead of just the off-take rate. They found 
that employment or self-employment of at least one household member significantly affected 
both off-take rate and sale decision. In addition, the number of household members and 
number of children in school had varying affects on cattle and small stock off-take rates.  
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A study by Gizachew (2006) on dairy marketing in Ada’a Liben district of Oromia, Ethiopia, 
also captured some variables that influence dairy product supply. The variables were 
household demographic characteristics like sex and household size, transaction cost, physical 
and financial wealth, education level, and extension visits. Education level of the household 
head, spouse education, extension contact and financial income from non-dairy source were 
found to affect positively, whereas household head education and transaction cost expressed 
by distance from market affected negatively participation of households in the market.  
 
Simeon et. al. (2009), employed Heckman estimation procedure to identify factors influencing 
market participation and sales using data collected from highlands of Tigray and Amahara 
reginal states of Ethiopia. The empirical result showed that ownership of different species of 
livestock, land holding, crop income, and non-farm income are the main factors influencing 
market participation and sale.  
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3. METHODOLOGY 
 
 
Under this section the study area, data sources and method of data collection and methods of 
data analysis are discussed. The methods of data analysis discussed in this section are the 
hedonic price model, Poisson and Negative Binomial models, probit and tobit models. 
 
3.1. The Study Area 
  
Horro Guduru Wollega zone is one of the eighteen administrative zones in Oromia National 
Regional State. The capital of the administrative zone, Shambu, is located at 310 km west of 
Addis Ababa.  It has nine administrative districts. The 2007 population and housing census of 
the Central Statistical Agency (CSA) shows that the zone has a total population of 576,737 
out of which 50.1% are male and 49.9% are female. About 89% of the population in the zone 
lives in the rural areas.  
 
The total area of the zone is 712,766.22 hectares. Agro-ecologically, 37.89% is highland, 
54.75% is mid-highland, and the remaining 7.86 % is lowland (Archives of HGWOARD). Its 
rainy season of the zone occurs between May and September and the dry season lasts from 
October to April. The rainy season of the area actually fluctuates from year to year, but it 
covers about five months. Clay and sandy soils are the major soil types of the zone.  
 
The agricultural system in the Horro-Guduru Wollega zone is predominantly mixed crop-
livestock production system. The major crops grown in the area include wheat, teff, maize, 
and pulses. In the 2008/2009 cropping season, about 235,262.8 hectare of the cultivated land 
was under cereal crops, more than 56,133 hectare was under oilseeds, and 17016.44 hectare 
was under pulses (CSA, 2009). Livestock production is virtually equally important economic 
activity in this zone. According to the national agricultural sample survey, the livestock 
population of the zone is composed of 126,719 cattle, 25,164 sheep, and 11,588 goats (CSA, 
2009). Sheep production has always been an integral part of the traditional subsistence mixed 
crop-livestock production system in this area.  
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Figure 1: Map of the study area.  
Source: ILRI, GIS department, 2009 
 
3.2. Source of Data 
 
The main type of data used in this study was mainly primary and it was complemented by 
secondary data whenever available. The primary data generated include characteristics of 
producers, buyers, price, traits of traded sheep, access to institutional support, and market 
characteristics and infrastructure. Secondary data were also used to identify potential sheep 
producing districts and sample kebeles from identified districts. Similarly, Sample households 
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were also drawn from sample kebeles using secondary data. In addition, field observation was 
made to see market facilities and general marketing system in the area. 
 
3.3. Methods of Data Collection 
 
Before going to the field to collect data on producers’ characteristics and sheep transactions, 
we made a reconnaissance survey to identify how local sheep buyers rank different traits of 
traded sheep and to generally characterize the sheep production and marketing system in the 
study area. The formal questionnaire was developed based on the output of the reconnaissance 
survey. The questionnaire for the formal survey was then tested on-farm. 
 
Data from primary source were collected essentially through surveys in sheep production and 
marketing environments. Primary data from producers were collected using the structured 
questionnaires administered individually across sample farmers. Primary data on attributes of 
traded sheep were collected through market surveys and visual observations at the time of 
transaction on the spot. The rank of the traits, particularly traits of sheep like body size and 
tail condition of traded sheep was decided by the buyers. Similarly, data on buyers’ and 
sellers’ attributes were also collected at the time of transaction. 
 
3.4. Sample Size and Sampling Procedure 
 
This study has two components and two sample populations. The sheep production survey 
was made on 200 sample farm households randomly selected from potentially sheep 
producing districts. A multi stage sampling technique was used to draw sample households 
from the population. In the first stage, we identified sheep producing districts together with 
the Zonal Agricultural and rural development office and Livestock Agency staff.  The 
selected districts were Horro, Jimma Gannati, Abby Choman, and Guduru. In the second stage 
16 sample kebeles were selected from the four districts, four kebeles from each district. 
Finally, the total sample of 200 households were randomly selected from the 16 kebeles and 
interviewed. From each kebeles of Horro and Jimma Gannati 13 households were selected 
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and interviewed while the sample size from each kebeles of Guduru and Abby Choman was 
12.  
      
The second component of the survey was the transaction survey. For the transaction survey, 
data on 195 traded sheep including sheep marketers’ attributes were collected from four rural 
sheep markets in the area, namely Shambu, Gaba Sanbata, Harato, and Fincha markets. The 
major attributes of traded sheep collected were coat color, body size, tail condition, age, and 
sex of the traded sheep. Markets in developing countries are not competitive and the price of 
trade product does not reflect only value of traded goods. Therefore, data on other factors that 
are expected to affect sheep price were also collected. These factors include the attributes of 
buyers and sellers, such as occupation and education level to serve as proxies for bargaining 
power. Seasonality of demand and supply was also captured.   
 
The transaction survey was made in three rounds in an interval of one month. The first round 
was conducted during the beginning of January. This round was targeted to capture the price 
change that occurs during holidays as this is the time of Christmas. The second round was 
made in February one month after the first round. This period is normal period with no 
important festival and it overlaps with the time when farmers have completed harvesting. The 
third round was undertaken in March. This period corresponds to the Ethiopian lent. From 
each market, 15 buyers were considered in each round except Harato market where 20 buyers 
were interviewed, taking into account the relative market size. That means 65 buyers were 
interviewed in each round. Therefore, the total sample for transaction survey was 195.  
 
3.5. Methods of Data Analysis  
 
Both descriptive and inferential statistics have been used to analyze the data generated in this 
study. Descriptive analysis was used to summarize the socio-economic characteristics of 
sample households and traded sheep. Econometric models were used to investigate 
determinants of participation in sheep production and marketing by farm households and to 
analyze the factors that determine sheep price in rural markets. Probabilistic choice and count 
data econometric models were used to analyze the determinants of market and production 
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participation, whereas hedonic price model was used to analyze the determinants of sheep 
price.  
 
Multinomial categorical variables require special attention in regression analysis. Unlike 
continuous variables, they can not be entered into the regression equation just as they are. In 
econometric models used in this study, especially the hedonic model, most of the variables are 
categorical variables. Therefore, simple effect coding method was used and categorical 
variables were recoded into series of variables which then entered into the model. 
 
3.5.1. Hedonic model  
 
 
In the sheep market, sheep of different levels of attributes are supplied and buyers choose and 
purchase sheep with preferred attributes. Hence, the price of sheep is the composite price of 
these attributes. Hedonic pricing model decomposes this composite price of sheep to the value 
of attributes. Following Rosen (1974) and Freeman (2003), consider markets for the Horro 
sheep and the sheep are described by n attributes or characteristics,  
 
 1 2, ,..., nZ z z z           (1) 
  
Each sheep has a quoted market price and is also associated with a fixed value of the vector Z, 
so that product markets implicitly reveal a function  
 
   1 2, ,..., nP Z p z z z  ,          (2) 
which relates prices and characteristics.  
 
The utility function of a consumer who purchase the sheep can be formulated as 
 
 1 2, , ,..., nU x z z z           (3) 
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where X is a Hecksian composite good with a price of 1. This assumption makes the demands 
for characteristics independent of the price of other goods. Then the consumer maximize 
utility subject to the budget constraint; 
 y x p z  ,          (4) 
where y is measure of income, p(z) is price of the attributes that describe the sheep, and price 
of x is unity.  
A typical first order condition for choice of an attribute iz is  
 
 
 
/
/
i
i
U p
U x
z
z
  

  
           (5) 
 
Therefore, when the hedonic price function is estimated for the sheep, the partial derivative of 
the function with respect to any of its attributes gives the implicit marginal price of that 
characteristic. That is, the additional amount that must be paid by the buyer to consume the 
product with a higher level of that characteristics, other things being equal. 
 
From the above discussion one can observe one of the limitations of hedonic price model. The 
assumption in theoretical framework of hedonic price model is that transaction takes place in 
a competitive market.  Thus, the hedonic price function is essentially a function of product 
attributes and not of individual buyer and seller attributes. This means that only products are 
differentiated, while the markets, buyers and sellers are not (Astrom and Vencatasawmy, 
2001). In developing countries, as documented in different literatures (e.g. Kassie, 2007),  
markets function much less effectively due to poor communications and transport 
infrastructure, limited rule of law, and restricted access to commercial finance.  
 
Most empirical studies that applied hedonic price model (e.g., Andargachew and Brokken, 
1993; Williams et. al., 2006; Kassie, 2007), therefore, used product as well as market, market 
agent (buyers and sellers), and seasonal attributes as explanatory variables implying the 
existence of elements of non-competitiveness in the relevant product market being 
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investigated. This study also made use of these market, buyer and seller attributes, and 
seasonal attributes as the study was conducted in similar market structure.  
 
The other problem related to using hedonic model is the functional form to be used. The 
functional forms used or proposed in the past include the linear, quadratic, semi-log, log-log, 
the exponential, and the Box-Cox transformation. According to Haab and McConnell (2002), 
the functional form for hedonic price equation is unknown. They argue that collinearity makes 
the choice of a very flexible functional form less attractive, because the interactive terms of a 
flexible functional form cause even greater collinearity. Taking this fact into account and 
following past studies that used hedonic model (e.g. Williams, 2006 and Kassie, 2007) the 
following functional form is used in this research by taking log transformation of price for the 
advantage that estimated coefficients give approximations of the percentage price change 
associated with a unit change in the independent variable. 
 
          ln( )price X e  ,  2~ (0, )e         (6) 
 
Where:  X - is vector of independent variable including attribute of sheep, buyer, seller, 
and market. 
   - vector of coefficients to be estimated, and 
  e  - is error term 
In this equation error term is assumed to have a constant variance, 2 ; hence, homoscedastic. 
However, when the errors are heteroscedastic, the OLS estimator remains unbiased, but 
becomes inefficient. More importantly, the usual procedures for hypothesis testing are no 
longer appropriate. Given that heteroscedasticity is common in cross-sectional data, methods 
that correct for heteroscedasticity are essential for prudent data analysis (Long and Ervin, 
1999). 
  
Using heteroscedasticity consistent (HC) standard errors is the recommended approach (e.g. 
MacKinnon and White, 1985 and Long and Ervin, 1999) to correct for heteroscedaticity of 
unknown form. The suggested alternative ways of correction using HC include HC0, HC1, 
HC2, and HC3. These alternatives are not equally powerful and perform differently under 
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different conditions depending mainly on sample size. Based on Monte Carlo simulation, 
MacKinnon and White (1985), for example, recommended that in small samples one should 
use HC3. However, Davidson and MacKinnon (1993) later recommended strongly that HC2 or 
HC3 should be used. Long and Ervin (1999), similarly, recommended for N ≤ 250, tests based 
on HC2 and HC3 perform much better than those based on other HC. This Monte Carlo 
simulation result also shows HC3 is superior for tests of coefficients that are most affected by 
heteroscedasticity and HC2 is better for tests of coefficients that are least affected by 
heteroscedasticity. Based on this facts and the sample size we have at hand, HC2 and HC3 
were used in this study. In addition OLS was also applied for comparison. 
 
Following Long and Ervin (1999), the alternative covariance matrix estimators of the error 
term for HC2 and HC3, including the OLS, are specified as: 
2
1( ' )iOLS n k
e X X 

           (7) 
2
1 1
2 ( ' (1' ) ' )ii
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      (9) 
where : n is number of observation,  
k number of parameters estimated, and  
1( ' )'ii i iX Xh x x

 . 
 
 
Variables used in the Hedonic Price Model  
 
The hedonic model was used to examine traits of sheep and other attribute that affect the price 
of sheep in the market place. The explanatory variables considered this study are 
characteristics of sheep and marketers, seasonal factors, and market factors. The definitions of 
the variables used are given below. 
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Dependent variable  
 
Price of sheep: the dependent variable of the model is a continuous variable representing the 
observed price of sheep during transaction at spot. As there is no any grade and 
standardization of sheep market in the study area, price per sheep was used. The log 
transformation of price was used as the coefficients of the independent variable in such 
transformation give us the percentage change in price due to a unit change in the independent 
variable.  
 
Independent variables  
 
Studies in the past on identifying determinants of sheep and/or cattle price used explanatory 
variables including animal characteristics/ sex, condition score and color/, market factor/ 
buyer type, seller type and market place/ and season (Andargachew and Brokken, 1993:  
Solomon, 2004: William et.al., 2006,  and Kassie, 2007). In this study also, these variable 
were used as explanatory variables. Simple effect coding, where the base variable takes a 
value of -1, the other variables get value of zero and the observed variable gets value of one, 
was used to give value for nominal categorical variables of the covariates. The values given to 
each nominal categorical variable is given in detail in result and discussion part.  
 
Sex:  Sex of the sheep is also a variable expected to influence price. It takes the vaue of one if 
sheep is male and zero, otherwise. Female sheep were expected to fetch lower price, based on 
past studies on determinants of price (e.g., Getachew, 2002 and Andargachew and Brokken, 
1993). Therefore, female sheep were expected to attract lower premium compared with male 
sheep.  
 
Body size: Body size level determination was based on local sheep marketers’ perceptions 
elicited during the reconnaissance survey. The attribute has three levels; namely, small, 
medium, and large body size. Medium and large body sized sheep were expected to have a 
positive price premium as compared to smaller sheep. 
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Coat color: For coat color of traded sheep six categorical variables were considered. The coat 
colors of the traded sheep considered were white, red, black, brown, creamy white and white 
mixed. As preference of buyers for different color depends on socio-cultural conditions, it is 
not possible to hypothesize the direction of influence of color on price.  
 
Tail condition: Tail condition was also based on local sheep marketers’ perception observed 
during the reconnaissance survey. Accordingly, four categorical variables were identified; 
long and fat, long and thin, medium and fat, medium and thin. Sheep with long and thin, 
medium and fat, and medium and thin tail condition were expected to fetch higher price 
premium compared to sheep with long and fat tail condition.  
  
Age: Age of the sheep is estimated based on the information provided by the seller.  As sheep 
production system in the area is still traditional and under low input system, sheep with larger 
age were expected to command higher price premium.   
 
Type of buyer: This refers to whether the buyer is trader, farmer or consumer. Hence it 
reflets purpose of buyer. Previous studies show that there was a significant price difference 
between animals purchased for different purposes (Andargachew and Brokken, 1993; and 
Williams et. al. 2006). Trader buyers are expected to have access to market information and 
hence better bargaining power. Therefore, traders are expected to pay less as compared to 
farmers.  
 
Type of seller: There are three categories of sellers; i.e., trader, farmer, and farmer-trader, 
were identified based on the occupation of the seller. Farmer sellers are expected to be less 
informed about the market prices and hence receive lower prices for their sheep compared to 
other types of sellers.  
 
Season: This is the time at which transaction takes place. Data were collected in three rounds 
to capture seasonality of price changes. Season one is the whole day period at Ethiopian 
Christmas.  The second round was made in February one month after the first round. This 
period is normal period with no important festival and it overlaps with the time when farmers 
have completed harvesting. The third round corresponds to the Ethiopian lent. Studies in the 
past shown that there is significant changes of price in different season and livestock attracts 
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higher price during holly periods (Andargachew and Brokken, 1993 and Kassie, 2007). 
Therefore, it was hypothesized that sheep will attract higher price during season one.  
 
Market place: This variable is the place where transaction takes place. There were four 
market places, namely Shambu, Gaba sanbata, Harato, and Fincha. Market places were also 
found to be important determinants of cattle price ( Kassie, 2007). However, it is not possible 
to hypothesis which market will positively/negatively influence sheep price a priori.  
 
3.5.2. Models for supply analysis  
  
Market participation both as a cause and as a consequence of economic development is well 
recognized. Supply side market participation is a base for demand side participation since it 
generates cash/income which stimulates demand.  Therefore, market participation by 
smallholder farm households plays crucial role in agricultural commercialization or 
production reorientation. However, smallholder farmers face various challenges to participate 
in livestock production and hence market participation. Thus farmers face a two stage 
decision: production decision and selling decision. Such two-stage decision making problems 
can be handled by using two-stage econometric models. Heckman selection model is the most 
commonly used model for such problems. In this study also the method was tried but it was 
found out that sample selection bias was not a problem at all. Therefore, econometric models 
for binary response and count data were used in this study. The tobit model was also 
estimated to see what factors determine the number of sheep sold by each respondent and to 
complement the results generated using the count data models.   
 
The reasons for keeping small ruminants can vary from area to area and are primarily 
determined by economic, cultural and ecological factors. However, the household resources 
and institutional factors are expected to affect the livelihood strategies that include decisions 
on keeping a particular type of livestock.  Therefore, under different conditions farmers may 
or may not choose to keep sheep as their livelihood strategy. This decision involves a 
dichotomous type of response. For such a dichotomous response the commonly used 
econometric models are logit and probit. These functions are used to approximate the 
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mathematical relationship between explanatory variables and categorical dependent variable 
(Gujarati, 1988; Maddala, 1992).  
 
Probit model was used to identify factors that influence farmers’ decision to participate in 
sheep production. As emphasized by Wooldridge (2000), economists tend to favor the 
normality assumption of error term, iu , that is why the Probit model is more popular than 
logit in econometrics. In addition, several specification problems are most easily analyzed 
using probit because of properties of the normal distribution. It is in light of this fact that 
probit is preferred in this study even though logit is also commonly used for such binary data 
(dependent) analysis. Following Maddala (1992), the Probit model can be specified as: 
 
*
0
1
k
ij iji
j
y x u 

   ,         (10)  
Where 
*
iy is latent variable; what we observe is the dummy variable 1iy  if 
*
0y   and 
0
iy   otherwise. 
iy is a dummy variable indicating whether the respondent keeps sheep or not 
i  is unknown coefficients to be estimated  
ix is variables the influence the decision of sheep keeping 
iu is a random error term distributed with zero mean and constant variance. 
 
The Poisson Models  
 
To investigate the factors that determine the level of market participation, in terms of the 
number of sheep sold, count data models (Poisson and Negative Binomial) and Tobit model 
were used. The data on the dependent variable, number of sheep sold, takes a positive 
integer: 0,1,2,...  in which the dependent variable takes on relatively few values. Count data 
models are relevant as smallholder sheep producers sell only limited number of sheep in a 
given year in the study area. About 67% of the sample households sold only 1-5 sheep and the 
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average number of sheep sold was only 3.16. According to Wooldridge (2000), the normality 
assumption is reasonable for (roughly) continuous dependent variables that can take on a large 
range of values. A count variable cannot have a normal distribution and if it takes on very few 
values, the distribution can be very different from normal. Instead, the nominal distribution 
for count data is the Poisson distribution.  
 
According to Cameron and Trivedi (2005), in contexts where the dependent or response 
variable of interest is a nonnegative integer or count, the Poisson is the starting point for count 
data analysis. The natural stochastic model for counts is a Poisson point process for the 
occurrence of the event of interest/sheep sold/. This implies a Poisson distribution for the 
number of occurrences of the event, number of sheep sold in our case, with density, or more 
formally probability mass function, 
 
Pr( ) ,
!
y
Y y
y
e         0 , 1 , 2 , . . . ,y                  (11)  
 Y  Number of sheep sold (in our case)  
where   is the intensity or rate parameter. We refer to the distribution as ( )p  . The first two 
moments for this distribution are: ( ) ( )E Y and V Y   , which is important assumption of 
Poisson distribution - equidispersion.    
 
Based on this distribution, the Poisson regression model can be derived (Cameron and 
Trivedi, 2005, Wooldrige, 2000). Accordingly, the Poisson Regression model is derived from 
Poisson distribution by parameterizing the relation between the mean parameter, µ, and 
covariates, x, by introducing the observation subscript i. The standard assumption and 
profitable approach is to use the exponential mean Parameterization: 
               exp( ' ),ii x             1,2,3,... ,i N       (12)    
 
Where, by assumption, there are K linearly independent covariates, including a constant. 
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i  is the predicted number of sheep sold (or the probability that a given number of 
 sheep = 0,1, 2,...,y   sold), conditional on explanatory variables (covariates), 
    ix  is a vector of explanatory variables 
     is a vector of unknown coefficients to be estimated.  
 
The conditional variance of the dependent variable is a function of the explanatory variables 
( ' '[ | ] exp( )i i iV y x x  implying built in heteroscedasticity in Poisson regression. Given this 
characteristic feature of count data models with such distributions, nonlinear least square 
estimation does not support it (Wooldridge, 2000). Given (11) and (12) and the assumption 
that the observations ( | )i iy x  are independent; the most natural estimator is maximum 
likelihood. Therefore, we relied on maximum likelihood. The log-likelihood function for 
Poisson regression model is:  
 
 
1
'ln ( ) exp( ) ln ! .
N
i
i
L yi iiy xx    
        (13) 
 
While Poisson MLE analysis is a natural first step for count data, it is often much too 
restrictive. All of the probabilities and higher moments of the Poisson distribution are 
determined entirely by the mean. In particular, the variance is equal to the mean: This is 
restrictive and has been shown to be violated in many applications (Wooldridge, 2000). In 
many applications a Poisson density predicts the probability of a zero count to be 
considerably less than is actually observed in the sample: the excess zeros problem, as there 
are more zeros in the data than the Poisson predicts.  
 
A more obvious deficiency of the Poisson model is that for count data the variance usually 
exceeds the mean, a feature called overdispersion. The Poisson model instead implies 
equidispersion. Large overdispersion leads to grossly deflated standard errors and grossly 
inflated t-statistics in the usual MLE output (Cameron and Trivedi, 2005). However, quasi-
maximum likelihood estimator (QMLE) maximizes equation (13) and it is generally 
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consistent under condition given in equation (12), even if |
iiy x  does not have a Poisson 
distribution (Verbeek, 2004). Therefore, Poisson QMLE was also used as it is improvement 
over Poisson maximum likelihood and reduces the inflated t-values due to understated 
standard errors. 
 
Most of the drawbacks of Poisson model are related to the assumption of equidispersion. 
Other alternative count data models that overcome these shortcomings of Poisson model were, 
therefore, used in this study. The two alternative models used are Negative Binomial Model I 
and II (NegBin I and NegBin II).  Following, Verbeek (2004) the assumption of NegBin I 
impose that:  
 
2
( | ) ) exp( ' )(1i iiV y x x            (14)   
for some 2 0  to be estimated. Thus NegBin I model allows overdispersion. An important 
restriction in the NegBin I model is that it implies assumption (14) with 2 0 , so that there 
can not be underdispersion and it is consistent only if its assumption holds. A more 
generalized count data model is NegBin II. According to Cameron and Trivedi (2005), the 
NegBin II model has been found to be very useful in applied work. It appears to have the 
flexibility necessary for providing a good fit to many types of count data. It does so in part 
because the quadratic variance specification is a good approximation in many empirical 
situations. 
 
The NegBin II model can be derived from a model of unobserved heterogeneity in a Poisson 
model (Wooldridge, 2002). Specifically, let 0ic  be unobserved heterogeneity, and 
assuming  
 
 | ~ ,, ii iii Poisson cmy cX X    ,           (15) 
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Further assuming ic is independent of Xi and has gamma distribution with unit mean 
and   2V a r ic  , then the distribution of | iiy X is shown to be negative binomial with 
conditional mean and variance: 
   | ,i iiE my X X   
     | | /| , / ,i i iii iVar Var Ei iiiE Var yy yc cX XX X X         
            
22
, ,i im mX X                   (16) 
So that the conditional variance of 
iy  given ix  is quadratic in the conditional mean. Since 
equation (16) can be written as    2| 1 | ,i ii iE Ey yX X     NegBin II also implies 
overdispersion, where the amount of overdispersion increase with  | iiE y X . 
The log-likelihood function for observation i  is: 
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                 (17) 
where  . is the gamma function defined for 0r   by    1
0
exprr z dzz
 
   . The 
parameters  and 2  can be jointly estimated using standard maximum likelihood using 
equation (17).  
 
The negative binomial model is less robust to distributional misspecification than the Poisson. 
Even if the conditional mean is correctly specified the MLE in negative binomial models is 
inconsistent, except for the special case of the NegBin II model, whereas the MLE for   is 
still consistent (Cameron and Trivedi, 2005). However, the Poisson model still is limited by 
its assumption of equidispersion. Therefore, the three count data models: Poisson, NegBin I, 
and NegBin II, were used to investigate factors determining market participation of 
smallholder sheep producers as limitation of one model is overcome by the other model. 
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Test of multicolinearity problem among continuous variables were made before the proposed 
variables fitted into the models. It is difficult to identify the separate effect of independent 
variables on the dependent variable when multicollinearity is a problem. Associations among 
discrete variables were also checked since strong association creates similar problem. To do 
so, Variance Inflation Factor (VIF) for association among the continuous explanatory 
variables and Contingency Coefficients (CC) for dummy variables were used. Variance 
Inflation Factor (VIF) can be given as  
 
    121V IF jjX R

           (18) 
 
where, 2jR  is the multiple correlation coefficient between explanatory variables, 
 
jX  is j
th explanatory variable.  
 
The contingency coefficient (CC) which is used to check association among dummy 
explanatory variables can be given as 
 
2
2C C N




         (19) 
 
where, N is total observation and 2  is chi-square test.  
 
 
The rule of thumb for CC check is if the value of CC is greater than 0.75, the variables are 
said to be collinear, and if the VIF is greater than 10 the variable is said to be highly collinear 
(Gujarati, 2003). 
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Definition of variables used for estimation of supply functions  
 
Dependent variables 
 
Number of sheep sold (Tsell):  It is continuous variable representing total number of sheep 
sold by smallholder sheep producers during the last one year. It takes discrete positive value 
starting from zero.  
 
Production participation (Prod_Part): It is a dummy variable taking the value one if the 
household participates in sheep keeping and zero otherwise.  
 
Independent variables    
 
Age of the household head (Age – hh head): Age is a continuous demographic variable. It 
was assumed that with age, farmers could acquire skills and resources hence diversify their 
livelihood strategies. Therefore, age was hypothesized to positively influence the decision of 
farmers to keep sheep.  
Sex of the household head (Sex-hh head): A dummy variable taking the value zero if the 
household head is female and one if the household head is male. No sign would be expected 
for the estimates a priori.  
 
Education level of the household head: This is a categorical variable with levels of 
‘illiterate’, ‘primary education’, ‘elementary education’ and ‘high school education’. The 
level ‘illiterate’ was used as reference for comparison. Households with better education level 
have better skill and thus diversify their livelihood strategy. However, past studies (Holloway 
et.al, 1999, Gizachew, 2005) indicated that education is found to have negative and significant 
effect on market participation. Therefore, it is not possible to predict the effect of education 
level on market participation a priori.  
 
Family size of the household (Family size): This is a continuous variable. Households with 
larger family size were expected to have excess labor and hence opportunity to participate in 
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sheep production and marketing. On the other hand, households with large family size were 
expected to allocate their resources, especially land, to crop production as crop is the primary 
source of income and food in the area. Therefore, the direction of influence of family size 
could not be predicted a priori.  
  
Size of land holding (Land size): Alike other areas where crop-livestock mixed farming 
system is practiced, in Horro-Guduru Wollega zone of Oromia, crop and livestock compete 
for land and land related resources. Therefore, farmers with larger land holding are expected 
to participate in sheep production and marketing. Hence, land holding size was hypothesized 
to influence both the production and market participation decision positively. 
 
Number of livestock owned (TLU): This is a continuous variable representing total number 
of livestock owned excluding sheep, expressed in tropical livestock unit. Other livestock 
compute on resource especially on land and labor. Therefore, number of livestock owned was 
expected to be related to sheep production and market participation decision negatively.  
 
Flock size (Tsheep): This is the number of sheep owned by the household. As sheep is kept 
by the households mainly for market, total sheep owned was hypothesized to have positive 
relation with market participation. 
 
Experience in sheep production (Experience): This is a continuous independent variable 
representing number of years of experience of households in sheep keeping. It was 
hypothesized to have positive relation with market participation by sample households. 
 
Distance from market (Market_distance): This is a continuous variable measured in 
walking time spent to reach the sheep market by sample households. It is expressed by 
minutes spent. Farmers who spent few minutes to reach sheep market to sell sheep have better 
access to market. Therefore, distance from sheep market is hypothesized to influence both 
supply and production decisions negatively. 
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Market price information (Market_info): This is a dummy variable taking values one if the 
sample households have access to sheep market price information and zero otherwise. Past 
studies (Goetz, 1992: Rehima, 2007: and Bahta and Bauer, 2007) found that better market 
information significantly and positively affects the probability of market participation. It was 
expected to have positive relation with both decision to participate in sheep production and 
decision to marketing. 
 
Access to credit (Credit): This is a dummy variable taking value one if the sample 
households have taken credit and zero other wise. As access to credit enables farmers 
diversify their livelihood strategy, it was hypothesized to influence farmers’ decision to 
participate in both production and marketing.  
 
Extension service (Extension): This is a dummy variable representing sample households’ 
access to extension services. It takes value one if the household has access to extension 
services and zero otherwise. Access to extension service has been found to be positively and 
significantly related with farmers’ market participation (Rehima, 2007, Bahta and Bauer 2007 
and ). Therefore, this variable was expected to have positive relation with farmers’ decision to 
participate in sheep production.  
 
Access to veterinary service (Vetacces): This is a dummy variable of whether the sample 
household has access to veterinary service or not. Zero value was given to those household 
who have no access to veterinary service and value of one for households who have access to 
veterinary service. This variable was hypothesized to influence farmers’ decision to 
participate in both sheep production and market. 
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4. RESULTS AND DISCUSSION 
 
Under this section description of the sample farm households and sheep markets in the study 
area are discussed. Econometric results of determinants of sheep price and market 
participation by sheep keeping farm households is also discussed.   
  
4.1. Descriptive Results   
 
4.1.1. Socio-economic characteristics of sample farm households 
 
Socio-economic features of the farm households influence farmers’ decision to participate in a 
given farm enterprise and market participation decision. Hence, the socio-economic variables 
of the households are described in this section. The variables discussed under this section are 
demographic characteristics of sample households, households’ resource ownership, and 
access to support services.  
   
4.1.1.1. Demographic characteristics 
 
 
The demographic features of households discussed include age of the household head, sex of 
the household head, family size of the household, and education level of the household head.  
The average age of the sample household heads is about 38 years. The average family size of 
the households was found to be 6. 84 persons and ranges from 2 to 18.  This large average 
family size implies high burden on the family at least to meet the basic needs. The average 
number of female members in the household is 3.49 while that of male is 3.36 (Table 1).  
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Table 1 Age, sex, and family size distribution of households   
 
 
Variable 
 
Minimum 
 
Maximum 
 
Average 
 
St. Dev. 
Age of hh head 
Family size 
Number of female family members 
Number of male family members 
20 
2 
1 
0 
77 
18 
12 
8 
38.11 
6.84 
3.49 
3.36 
12.77 
2.37 
1.62 
1.57 
Source: Survey result, 2009   
 
Most of the sample households (90%) were male headed while the balance was female 
headed. Regarding the education level of the sample households, substantial proportion of the 
sample, 23%, were found to be illiterate, while 21.5% of the sample household have attended 
primary education, 30.5% of the sample households have attended elementary education, and 
23% of them have attended high school education (Table 2). 
 
Table 2 Distribution of sample household heads by sex and education level  
 
Variables   Count Percent 
Sex  
Male 
Female  
Education level  
Illiterate 
Primary 
Elementary 
High school 
 
180 
20 
 
50 
43 
61 
46 
 
90 
10 
 
25 
21.5 
30.5 
23 
Source: survey, 2009 
4.1.1.2. Resource ownership and access to market and road 
 
Resource base of the household is one of the basic economic variables that affect farm 
households’ decision making behavior. Land and livestock base of the sample household is 
shown in Table 3. The average land size of the sample household is about two hectare. 
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Compared with the average family size given above this average land size is too small and 
entails the need for livelihood diversification, like sheep keeping since sheep need low feed 
and have short maturity period. The average livestock owned by the sample household, 
measured by tropical livestock unit, is 33. 65 unit, excluding oxen owned. The number of 
oxen owned by the sample households, on average, is 2.43 (Table 3).  
 
Table 3 Household distribution by resource ownership  
 
Variables  Minimum Maximum Average 
Land holding (hectare) 
TLU (excluding oxen) 
Oxen  
Distance to the nearest livestock market(min) 
Distance to all weather road (min)    
0 
0 
0 
25 
5 
8 
33.65 
8 
180 
180 
1.97 
6.71 
2.43 
72.75 
28.71 
Min = minute 
Source: own survey, 2009  
 
Access to road and market is the other key infrastructure to improve farmers’ market 
participation and market efficiency. The sample farm households walk on average about 73 
minutes to reach the nearest livestock market in their area. The average walking minutes to 
reach all weather road is 28.71(Table, 3). 
 
4.1.1.3. Sheep production and sell  
 
 
In areas where cash crops are not grown, usually small ruminants play a very important role in 
cash generation. Sheep contribute in meeting the financial need of farmers and supplement 
crop production by generating cash income. From the total (200) sample households, 88.5% 
of them participate in sheep keeping. However, from the 177 sheep producing households 
more than 16% of them did not sell any of their sheep during the one year period even though 
they participate in sheep production. The highest percentage (67.8%) of them sold only 1-5 
sheep while only 13.5% of them sold 6-10 sheep (Table 4).  
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Table 4 Sheep production and number of sheep sold by producers during last 12 months  
 
Variable  Count Percent 
Produce sheep(yes) 
 
Sold sheep during last 12 
Month from the 177 sheep producers (yes) 
 
Number of sheep sold 
0 
1-5 
6-10 
11-17 
177 
 
148 
 
 
 
29 
120 
24 
4 
88.5 
 
83.6 
 
 
 
16.4 
67.8 
13.5 
2.5 
Source: Survey result, 2009   
 
Farm households’ bargaining power also depends on purpose, season and place of selling 
sheep. As depicted in Table 5 below a significant proportion (75.5%) of the sample 
households sell sheep to repay credit. As credit is time bound, farmers are obliged to repay the 
credit when it is due. The implication is that farmers have limited bargaining power.  About 
65% of the sample households sell sheep to meet social obligations while about 51% of them 
sell to send their children to school (Table 5). 
41 
 
Table 5 Purpose, season, and place of selling sheep (% of farmers) 
 
Variables Percent 
Purpose of sold sheep 
To repay credit/input loan/ 
To send children to school 
To meet social obligations 
Others  
Selling season  
Holiday/festival period 
Any time in need of finance 
Any time, when sheep mature 
Others  
Selling place  
Nearest market 
At the village 
At distance market where price is high  
Others  
 
75.5 
51 
65 
14.5 
 
66.5 
58 
34.5 
13 
 
85.5 
25 
20 
15.5 
Source: Survey, 2009 
 
Selling season is the other important factor that influences sheep price and producers 
bargaining power. About 67% of the sample households target sheep selling at 
holyday/festival periods while 58% of them sell sheep whenever they need cash. Only 34.5% 
of the sample farmers sell sheep when the sheep are matured (Table 5).  
 
Targeting of market place is another important factor that needs to be considered since it 
influences price that producers can command. Most of the sample households (85.5) sell 
sheep at the nearest sheep market while 25% of the sample farmers sell in the village. Only 
20% of them sell at a market place where price is relatively high (Table 5). This may be due 
to the transaction cost that would be incurred to sell at the market place where price is 
relatively high as market and other infrastructures are nonexistent or at a very weak condition 
if at all.  
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4.1.1.4. Access to support services and value adding practice   
 
 
The agricultural support services include access to extension service, access to credit service, 
and access to veterinary service to improve livestock productivity and reduce risk of loss. 
Only 42% of the sample households have access to credit. Similarly, 69.5% and 67.5% of the 
sample households have access to extension and veterinary services, respectively.  This is 
contrary to the current policy of three development agents per kebele. The sample households 
who have access to sheep market information are only 43.4% (Table 6). The poor access to 
credit, veterinary and sheep market price information services is an essential bottleneck to 
participate in sheep production and marketing. 
 
 
Table 6 Distribution of households by access to services and fattening practice 
 
Variables Count Percent 
Accessed credit (yes) 
Accessed extension (yes) 
Accessed veterinary services (yes) 
Acquired price information (yes) 
Practices sheep fattening (yes) 
84 
139 
135 
82 
82 
42 
69.5 
67.5 
43.4 
41 
Source: survey, 2009 
 
 
Fattening practice by farm households enables sheep to command higher price and increased 
earnings for the sheep keepers. However, in Horro-Guduru Wollega only 41% of the sample 
households practice sheep fattening (Table 6).  
 
4.1.1.5. Production problems of farmers  
 
 
Farm households in the study area face various production problems. As depicted in table 7 
below, disease is the main constraint reported by most of the respondents (85.4%). The   
common disease in the area reported by farmers during reconnaissance survey is liver fluke 
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and other unknown disease which can cause up to total loss of sheep flocks. The veterinary 
technicians in the area do not know the diseases quite often and hence unable to help 
smallholder sheep keepers. Another important challenge of the production system related to 
disease is lack of veterinary service as reported by about 83% of the sample farmers. Lack of 
feed / grazing land was also identified as a major production problem in the area and 75% of 
the respondents indicated that lack of land/ feed is the other hindrance for sheep production. 
Surprisingly, about 66% of the sample farmers indicated that theft is the other sheep 
production problem (Table 7). The implication is that not only technical support can enhance 
sheep production but also binding law is equally important.  
 
Table 7 Sheep production problems of households (% of farmers) 
 
Problems   Percent  
Diseases  
Lack of veterinary services 
No adequate feed/grazing land shortage  
Theft 
No children to keep sheep 
85.4 
82.6 
75 
65.8 
45.7 
Source: survey result, 2009 
 
4.1.2. Market characteristics 
 
4.1.2.1. General description of the sheep markets  
 
 
Markets visited during the transaction survey are Shambu, Gaba Sanbata, Harato, and Finchaa 
sheep markets. All the markets but Shambu are weekly markets which operate once in a week. 
Shambu operates throughout the week except on Sundays. Marketing facilities like fence and 
shed, information provision, feed provision and others are generally expected to enhance the 
efficiency of the livestock market. However, in the considered sheep markets even the 
markets are not fenced let alone provision of other services and Finchaa is the only fenced.  
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Grading and standardization is also an important marketing function to improve market 
efficiency. In these markets, however, there was no such facility and transaction takes place 
after a long one-to-one bargaining between seller and buyer. Sheep are sold on a per-head 
basis. The bargaining for price normally starts with the seller setting an initial price which is 
by far greater than the actual price and the buyer giving lower price. The price paid by the 
buyer and received by the seller, therefore, depends on how well he or she can bargain. Under 
such circumstances, prices paid will reflect buyers' preference for various sheep traits, the 
type of buyer and seller and characteristics of the market place. 
 
The mode of transportation in the study area is only trekking. The sample households have to 
walk more than an hour (about 73 minutes), on average, to reach the nearest livestock market. 
Similarly, sheep have to be moved for more than an hour, on average, to be sold. Obviously, 
sheep would not have attractive body condition after this long trekking. This poor/traditional 
mode of transportation coupled with the lack of important market facilities results in very low 
bargaining power of farmers particularly due to deteriorating body condition of sheep.  
 
The main participants in the sheep markets in the study area are mainly farmers and peri-
urban butchers and restaurant owners. There are very few sheep traders in the markets and it 
was the same traders seen virtually in all markets. This limited number of traders implies the 
oligopolistic tendency in the rural sheep markets of this part of the country.  
 
4.1.2.2. Features of the sheep in the sample markets 
  
 
Characteristics of sheep considered were age, sex, coat color, body size, body condition and 
tail condition. More than 44% of the sample transacted sheep were in the age range of 3-6 
months while 24.6% of the sample sheep were found to be in the age range of 7-9 months. In 
low input low output farming systems, sheep would not acquire the required body condition in 
this age range (3-6 months) to command remunerative price. Given the low value adding 
practice of farm households in the area, sheep keepers would not be benefited as expected 
from sheep production. Regarding sex, 41.5% of transacted sheep were female and the 
balance was male (Table 8). 
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Table 8 Age and sex classes of traded sheep  
 
Variables  Count Percent 
Age(in months) 
3-6  
7-9 
10-13 
14-18 
>18 
Sex 
Female  
Male 
 
87 
48 
17 
9 
34 
 
81 
114 
 
44.6 
24.6 
8.7 
4.7 
17.4 
 
41.5 
58.5 
   Source: Survey, 2009   
 
Sheep coat color, body condition, and tail conditions were expected to influence sheep price 
and hence were considered. The sample sheep were dominated (44.1%) by red color. The next 
dominant (28.7%) color was creamy white. Sheep with black coat color were 10.3% while 
sheep with white and other (mixed) coat color were only 9.2%. The other colors observed 
were white and brown (Table 9). 
 
Tail condition, referring to length and fatness, was also considered during the survey. The 
sample traded sheep were dominated by sheep with long and thin tail (47.7%) and sheep with 
long and fat tail (24.1%). Sheep with medium and thin tail were 14.9% while sheep with 
medium and fat tail were only 13.3 % (Table 9). 
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Table 9 Sheep distribution by color, body condition, and tail condition 
Variable Count Percent 
Color 
Red 
Creamy white 
Black 
Brown 
White 
White and others(mixed)  
Tail condition  
Long and fat 
Long and thin 
Medium and thin 
Medium and fat 
 
86 
56 
20 
6 
9 
18 
 
47 
93 
29 
26 
 
44.1 
28.7 
10.3 
3.1 
4.6 
9.2 
 
24.1 
47.7 
14.9 
13.3 
Source: Survey, 2009   
 
 
Body size of the traded sheep was another trait considered. The majority of traded sheep were 
medium size (42.6%) followed by small size sheep (32.8%). Large size sheep, which are 
assumed to be matured, were only 24.6% (Table 10).  
 
 Table 10 Traded sheep size distribution in the sample markets  
 
Body  
size    
Markets 
Shambu Gaba sanbata Fincha  Harato Total Percent  
Small (count) 
Medium (count) 
Large (count) 
Total (count) 
16 
17 
12 
45 
15 
21 
9 
45 
11 
23 
11 
45 
22 
22 
16 
60 
64 
83 
48 
195 
32.8 
42.6 
24.6 
100 
Source: Survey, 2009 
 
Body conditions of the traded sheep were given in Table 11. As depicted in the table, most of 
the traded sheep are sheep with medium and good body condition. Sheep with bad body 
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condition were only 3.6%.  Among the markets, Harato market was dominated by sheep with 
good and medium body conditions relative to the other markets.  
 
Table 11 Traded sheep body condition distribution in the sample markets  
 
Body   
Condition 
 Markets   
Shambu Gaba sanbata Fincha Harato Total Percent 
Good (count) 
Medium (count) 
Bad (count) 
Total (count) 
21 
21 
3 
45 
22 
20 
3 
45 
23 
21 
1 
45 
32 
28 
0 
60 
94 
94 
7 
195 
48.2 
48.2 
3.6 
100 
 
Source: Survey, 2009 
 
4.2. Econometric Results 
 
 
Under this section econometric results of the determinants of indigenous sheep price, 
determinants of sheep production participation and market participation is discussed.   
 
4.2.1. Hedonic price model result  
 
 
A hedonic price model was estimated by regressing the natural logarithm of sheep price on 
the attributes of the transacted sheep, characteristics of buyers and sellers, seasonality, and 
market location. Both OLS and heteroscedasticity consistent (HC) estimations were made. 
The summary of variables used in hedonic model is presented in table 12 including the coding 
used in estimation of the model. 
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Table 12 summary of variables and coding method used in hedonic price model  
Attribute of the 
sheep 
Code  Attribute of the 
sheep 
Code Attribute of the 
sheep 
Code 
Color 
White 
 
 
Black 
 
 
Brown 
 
 
Creamy white 
 
 
white  mixed 
 
 
Red 
 
 
 
1 if white 
-1 if red 
0 otherwise 
1 if black 
-1 if red 
0 otherwise 
1 if brown 
-1 if red 
0 otherwise 
1 creamy white  
-1 if red 
0 otherwise 
1 white  mixed 
-1 if red 
0 otherwise 
reference 
Sex of sheep 
 
Body size 
Medium size 
 
 
Large size 
 
 
Small size 
 Tail condition 
Medium and thin 
 
 
Medium and fat  
 
 
Long and fat 
0 if female  
1 if male 
 
1 if medium 
-1 if small 
0 otherwise 
1 if large 
-1 if small 
0 otherwise 
reference  
 
1 if medium and thin 
-1 if long and fat 
0 otherwise 
1 if medium and thin 
-1 if long and fat 
0 otherwise 
reference 
Season 
Christmas 
(season1) 
 
Fasting period 
(season3) 
 
Normal period 
(season2) 
Market place 
Gaba sanbata 
 
 
Finchaa 
 
 
 
 
 
 
1 if Christmas 
-1 if normal period 
0 otherwise 
 1 if fasting period 
-1 if normal period 
0 otherwise  
reference variable 
 
 
1 if Gaba sanbata 
-1 if Shambu 
0 otherwise 
1 if Finchaa 
-1 if Shambu 
0 otherwise 
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Table 12 summary of variables and coding method used in hedonic price model (continued)  
 
 
4.2.1.1. General model results  
 
  
The results of hedonic price model from both OLS and HC regressions are given in Table 13. 
The table summarizes the coefficients of the variables used in the model, and the standard 
errors of OLS and HC (HC2 and HC3) estimations. HC estimation was used as an adjustment 
to the OLS model since cross-sectional and small sample price data are intrinsically 
heteroscedastic. As expected, the OLS standard errors were found to be generally lower than 
the standard errors of HC2 and HC3 for all variables except for some variables; i.e., season1, 
Age, sex, brown, long and thin tail, farmer trader seller, trader buyer, and farmer buyer in 
HC2. However, the standard errors of the whole explanatory variables in HC3 are increased 
and are greater than both OLS and HC2 standard errors except for three variables/ brown, long 
and thin tail condition, and sex/. Hence, the t-values of the OLS coefficients are inflated and 
Attribute of the 
sheep 
Code  Attribute of the 
sheep 
Code  
Market place 
Harato 
 
 
Shambu  
Type of sellers  
Farmer seller 
 
 
Farmer trader seller 
 
 
Trader seller 
 
 
1 if Harato 
-1 if Shambu 
0 otherwise 
reference  
 
1 if farmer seller 
-1 if trader seller 
0 otherwise 
1 if farmer trader  
-1 if trader seller 
0 otherwise 
reference variable 
 
Type of buyer 
Trader  
 
 
Farmer buyer 
 
 
Farmer trader buyer 
 
 
 
Others(butcheries 
and others)  
 
1 if buyer is trader 
-1if buyer is others 
0 otherwise 
1 if buyer is farmer 
-1if buyer is others 
0 otherwise 
1 if buyer is farmer 
trader 
-1if buyer is others 
0 otherwise 
reference variable 
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could not be dependable for inferences. Between HC2 and HC3 also, the standard errors in 
HC2 were found to be lower than that of HC3. Therefore, the t-values based on standard errors 
generated by HC3 estimation were used for inferences. 
 
Due to the changes in standard errors in the three regression results, significant variables in 
OLS become insignificant and the significant levels of the variables has also been changed in 
HC2 and HC3. Age square was significant at 5% in OLS but the significance level in HC2 and 
HC3 was at 10%. Similarly, farmer trader (one of the buyer types) was significant at 5% in 
OLS, but in HC2 and HC3 the variable was significant at 10%. White mixed coat color, was 
significant at 1% in OLS but it became significant only at 5% in HC2 and HC3. Further, the 
variable representing trader buyer was significant in OLS and HC2 but became insignificant in 
HC3 estimation. 
 
Model specification test was made for OLS regression model using Ramsey RESET test. The 
test with (null) hypothesis of model has no omitted variables generated F (3, 161) value of 
0.64 which is extremely below the critical value of 2.65 at =0.05 implying non-rejection of 
the hypothesis that there are no omitted relevant explanatory variables. The R-square value of 
the models is 0.6887 implying that the model explained about 69% of change in price of 
sheep in the local markets of Horro-Guduru Wollega. 
 
4.2.1.2. Determinants of Indigenous Sheep Price   
 
 
The results of the estimations show that sheep price is determined by season, market places, 
and sheep traits such as age, color, body size, and tail condition. The results generated are 
comparable to previous reports of price analysis in other parts of the country or on other 
species of livestock (e.g., Andargachew and Brokken, 1993; Gezahegn et al., 2006; and 
Kassie, 2007). The details of the estimation results are given in table 13 below with discussion 
on price determinant variables. 
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Age of sheep  
 
Age significantly and positively influences price of sheep in the study area. This is in line 
with the basic features of the low input sheep production system in the area. That is, under 
low input production system sheep need longer period of time to attain the required body 
condition and size to command good price. Age square, however, influences sheep price 
negatively implying sheep command higher price up to some age but attract lower price after 
some age limit as they would simply be older and less demanded. Therefore, there is quadratic 
relationship between age and price of sheep.  
 
Coat color 
  
From the color dummies, black coat color affects sheep price significantly and negatively. 
Hence, black colored sheep commands about 16% lower premium as compared to the base 
variable, red coat color. White mixed and creamy white (locally called dallecha) coat color of 
traded sheep attracts 13% and 6% higher price premium respectively, compared with red coat 
color, ceteris paribus.   
 
Body size 
 
 
Body size was the other trait of traded sheep considered in this study. It was another trait of 
sheep that was significantly affecting price of sheep. Intuitively, sheep with large body size 
receive higher prices. Sheep with large body size fetch 13% higher price premium compared 
with small body sized sheep.  
 
Tail condition 
  
Tail condition is also the other traits of sheep that was found to important determinants of 
sheep price. Long and thin negatively influence the price sheep could attract compared with 
the base variable, long and fat. Medium and thin tail condition has similar influence on sheep 
price compared with base variable, long and fat tail condition.  
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Season and market place  
   
The determinants of sheep price other than traits of sheep were market location and seasonal 
factors. Sheep command significantly higher price in season one compared with season two. 
Season one stands for the Christmas holiday season implying higher demand and it overlaps 
with the period when farmers have harvested crops, probably increasing their bargaining 
power as they can postpone selling when prices are not right. In season one sheep will attract 
7.7% higher price premium compared with the base variable, season two (the reference 
period). Among the market location dummies, sheep in Harato market command lower price 
compared with Shambu market. The reason may be due to the proximity to urban areas where 
demand for small ruminants (mainly for meat) is high and the relatively high potential for 
sheep production in Harato area and hence high supply.  
 
Buyer type 
  
The other important determinant determinant of sheep price other than traits of sheep was the 
type of buyer.  Sheep attracts lower price when the buyer is farmer trader compared with the 
base variable, consumers/butchers and others/. The reason may be this farmer traders have 
better information about sheep market and have better bargaining power.  
 
The econometric results presented above indicate that smallholder sheep keeper would benefit 
if they carefully choose the selling time and the market. The significant traits of sheep in 
determining sheep price are also informative. Sheep producers would reap higher price if they 
sell sheep with larger size compared with small size. However, the rural markets of Horro-
Guduru Wollega were dominated by medium size (42.6%) and small size (32.8%) sheep and 
only about one forth of the traded sheep possessed this trait and were able to command 
positive premium. Therefore, sheep raising households need support services like, access to 
market price information, access to credit, know how on animal nutrition, and others to 
benefit from sheep production. 
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Table 13. Estimation results of OLS and Heterosecdasticity Consistent Standard errors and 
coefficients of the Hedonic Model  
 
ln(price) Coefficient OLS SE HC2 SE HC3 SE 
Constant 
Season  
Season 1 
Season 3 
Age and sex 
Age 
Age square 
Sex  
Coat color  
White 
Brown 
Black 
White mixed 
Creamy white 
Body Size  
Medium 
Large 
Tail condition 
Long & thin 
Medium & thin 
Medium & fat 
Market/place 
Finchaa 
G/Sanbata 
Harato 
Type of seller 
Farmer 
Farmer trader 
Others 
Type of buyer 
Trader  
Farmer 
Farmer trader 
5.2350*** 
 
0.0769*** 
-0.0275 
 
0.0208*** 
-0.0003* 
-0.0457 
 
-0.1003 
0.0158 
-0.1614*** 
0.1305** 
0.0611* 
 
0.0340 
0.1467*** 
 
-0.0831*** 
-0.1225*** 
0.0319 
 
-0.0068 
0.0152 
-0.0663**    
 
-0.0041 
0.0116 
-0.001 
 
0.0478 
0.0210 
-0.1042 
0.0729 
 
0.0226 
0.0236 
 
0.0068 
0.0001 
0.0386 
 
0.0664 
0.0829 
0.0470 
0.0502 
0.0339 
 
0.0247 
0.0414 
 
0.0260 
0.0337 
0.0496 
 
0.0309 
0.0306 
0.0286 
 
0.0262 
0.0375 
0.0417 
 
0.0280 
0.0410 
0.0506 
0.0725 
 
0.0223 
0.0250 
 
0.0067 
0.0001 
0.0346 
 
0.0965 
0.0615 
0.0488 
0.0515 
0.0330 
 
0.0247 
0.0396 
 
0.0236 
0.0342 
0.0406 
 
0.0314 
0.0324 
0.0280 
 
0.0267 
0.0356 
0.0472 
 
0.0276 
0.0390 
0.0563 
0.0812 
 
0.0239 
0.0268 
 
0.0076 
0.0002 
0.0372 
 
0.1098 
0.0696 
0.0535 
0.0563 
0.0362 
 
0.0266 
0.0429 
 
0.0257 
0.0373 
0.0454 
 
0.0336 
0.0344 
0.0303 
 
0.0293 
0.0391 
0.0518 
 
0.0302 
0.0423 
0.0631 
***, *** and * significant at alpha = 0.01, alpha = 0.05 and alpha = 0.1 respectively, 
based on HC3   standard errors.  SE= standard error Number of observation=195, 
R2=0.6887 
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4.2.2. Results of supply estimations  
 
Under this sub section the results and discussions of the econometric estimates of the 
participation decision (with probit) and the level of participation, in terms of sheep sold, (with 
Poisson and Negative Binomials) models are presented. Summary of variables used in these 
models are give in Table 14 below.  
Table 14 Summary of variables used in probit, Poisson, NegBinI, and NegBinII. 
 
Variable Type Values/code 
Production participation 
Number of sheep sold 
Sex of household head 
Age of household head 
Age square 
Family size 
Total tropical livestock unit   
Land size 
Distance from nearest livestock 
market 
Access to credit 
Market information 
Access to extension 
Access to veterinary 
Educ_primary  
 
 
Educ_elementary  
 
 
Educ_hschool  
Dummy 
Continuous 
Dummy 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
 
Dummy 
Dummy 
Dummy 
Dummy 
Dummy 
 
 
Dummy 
 
 
Dummy 
1= produce sheep, 0= otherwise 
Total number of sheep sold  
1=male, 0= female 
Number of years 
Number of years 
Number of family members 
Total TLU excluding sheep  
Land owned in hectare 
Walking minutes 
 
1=yes, 0=otherwise  
1=yes, 0=otherwise  
1=yes, 0=otherwise  
1=yes, 0=otherwise  
 1= primary 
-1= illiterate 
  0=otherwise 
 1= elementary 
-1= illiterate 
 0=otherwise 
 1= high school 
-1= illiterate 
 0=otherwise 
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 4.2.2.1. Determinants of decision to participate in sheep production 
  
In areas where crop-livestock mixed farming system is practiced, crop and livestock compete 
for both land and labor inputs. At the same time, these two farm activities supplement each 
other: crop residue is source of food for livestock and livestock is source of manure. 
Similarly, sheep compete for farm resources and yet supplement crop production as it is 
relatively liquid livestock asset and hence source of cash. In addition to a solution for or a 
way of dealing with the resource limitation, farmers need various support services, like access 
to credit, extension support, access to market and market information. Therefore, farm 
households make decision to take sheep production as livelihood strategy under different 
factors that include both controllable and uncontrollable factors.    
 
The results of the probit model of participating in sheep keeping are given in Table 15 below. 
Among the explanatory variables considered, variables that are related to livestock asset base, 
access to extension service, access to market information and educational background of the 
household head were found to be significantly influencing farmers’ decisions. Most of these 
variables are positively associated with the probability that a household decides to engage in 
sheep keeping.  
 
Access to Extension Service (Extension): Access to extension service was found to be 
positively and significantly associated with the probability of participating in sheep 
production. It tends to increase the likelihood of engaging in sheep production by the highest 
margin as compared to other variables. Farm households, who have access to extension 
service, have a 21.5% higher probability of participating in sheep production.  Farm 
households who have access to extension service have the opportunity to get advisory service 
and to acquire better production skills. Hence, access to extension service increases the 
probability to participate in sheep production.  
 
Market Information (Market-info): Access to market information is the other variable 
found to be statistically different from zero. Farmers who have access to market information 
have 7.63% higher probability to participate in sheep keeping. The justification may be 
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farmers who have access to sheep market information know the existing market opportunity, 
the existence of high demand for sheep due to preference change and urbanization. Hence, 
they participate in sheep production to benefit from the prevailing opportunity.  
 
Total livestock Unit (TLU): The livestock asset base of the farm household, excluding sheep 
and measured in tropical livestock unit, was also found to significantly influence farmers’ 
participation in sheep keeping enterprise but with minimum marginal effect (0.78). This is 
probably due to the fact that households with better livestock asset base are able to enter in to 
the sector with little difficulty compared with households with low livestock asset base. In 
addition, households with better livestock base are expected to have better skill in livestock 
production. Therefore, better livestock asset base coupled with better skill might have enabled 
the farm household to participate in sheep production and hence able to diversify their 
livelihoods.  
 
Educational background - primary (Educ-primary): Unexpectedly household head with 
primary education level was found to be negatively associated with the decision to participate 
in sheep production compared with an illiterate household head. It reduces the probability to 
participate in sheep keeping by 3.5%. The justification may be, farmers who have educational 
background have an opportunity to participate in non farm activities.  
 
The econometric result of probit model discussed above implies that the need to improving 
farmers’ access to support services in order to enable farm households diversify their 
livelihoods.   
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Table 15 Results of Probit estimation for decision to participate in sheep production 
 
***, **, and * indicates significance at 1%, 5%, and 10% respectively. 
Log likelihood = -44.511528   P-value = 0.0000 
Pseudo R-Squared = 0.3763     Number of observation = 200 
 
Variables Coefficients Standard Errors Marginal Effect  
Constant 
Sex-hh head  
Age – hh head  
Family size   
TLU 
Land size 
Market - distance 
Credit 
Market-info  
Extension 
Vet-access 
Educ-primary 
Educ-elementary  
Educ-hschool 
-0.6753 
0.8427 
0.0053 
      -0.1155 
  0.0986** 
      -0.1418 
       0.0007 
       0.2381 
  0.8555** 
   1.5047*** 
0.2021 
-0.4403* 
       -0.1255 
0.0826 
0.8155 
0.5142 
0.0155 
0.0775 
0.0475 
0.1285 
0.0031 
0.3322 
0.3403 
0.3311 
0.3261 
0.2580 
0.2649 
0.3756 
 
0.1198                    
0.0004 
-0.0091 
0.0078 
-0.0112 
0.0001 
0.0184 
0.0763 
0.2147 
0.0171 
-0.0350 
-0.0010 
0.0066 
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4.2.2.1. Factors affecting degree of market participation 
 
  
4.2.2.2. General Results 
 
 
Results of the Poisson estimation generated to investigate determining factors for number of 
sheep sold by sample households during a one year period are given in table 16 below. The 
table summarizes both maximum likelihood estimation (MLE) results and quasi maximum 
likelihood estimation (QMLE) results. According to Verbeek (2004), the restrictive 
assumption of Poisson model; equidispersion, has been rejected in many applications. The 
alternative approach to consistently estimate the parameters is by using QMLE. It was 
indicated that QMLE generates a consistent estimate even if |
iiy x  does not have a Poisson 
distribution. In this study too, Poisson QMLE was estimated in addition to the simple Poisson 
MLE.  
 
QMLE is expected to adjust the standard error of the MLE, which is suspected to understate 
the standard errors and hence inflate t-value. This study has also come up with slight 
differences of standard errors between these two estimations. The slight increment in standard 
errors of QMLE implies the less likely existence of overdispersion.  The standard errors of 
QMLE were slightly greater than that of the MLE except for three variables; sex, family size, 
and distance from nearest market.  However, this variation in standard errors did not change 
significance of the variables. The incidence rate ratio for the two estimations was exactly the 
same for all covariates. The implication is, therefore, |
iiy x  in our case has Poisson 
distribution; hence Poisson model was relevant. The summary of estimation result given in 
table 16 indicates that all significant variables were found to be associated with the number of 
sheep sold positively except family size. These variables were consistently significant in both 
MLE and QMLE.  
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Table 16 Estimation results of Poisson Model; MLE and QMLE Results  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*** and ** significant at 1% and 5% respectively for both MLE and QMLE 
Number of observation = 177 
 
The weakness of simple Poisson model is due to its assumption of equidispersion and it is 
expected to generate understated standard errors and hence inflated t-value making the model 
over ambitious. QMLE of Poisson model is said to adjust the standard errors of MLE of the 
Poisson model. As emphasized by Verbeek (2004), despite its robustness, the disadvantage of 
QMLE approach is that it does not allow computing conditional probabilities of Poisson 
distribution. Therefore, some more flexible count data models were used; i.e., negative 
binomial models I and II developed by Cameron and Trivedi (1986) and discussed in detail in 
Wooldridge (2002) and Cameron and Trivedi (2005).  
  Standard Errors Incidence Rate Ratio(IRR) 
Variables Coefficients     MLE QMLE     MLE QMLE 
Constant 
Sexhhh 
Famlsize 
Educ_primary 
Educ_elementary 
Educ_hschool 
TLU 
Tsheep 
Experience 
Landsize 
Market_dist 
Credit 
Market_info 
Vet_acces 
0.5290** 
    0.0804 
-0.0502*** 
   -0.0397 
  0.2121*** 
 0.1578** 
   -0.0103 
0.0581*** 
   0.0105** 
  -0.0008 
  -0.0005 
  -0.1063 
0.2821*** 
0.3667*** 
0.2120 
0.1505 
0.0192 
0.0824 
0.0667 
0.0745 
0.0078 
0.0062 
0.0043 
0.0350 
0.0009 
0.0931 
0.0899 
0.0967 
0.2526 
0.1481 
0.0174 
0.0920 
0.0671 
0.0752 
0.0087 
0.0078 
0.0050 
0.0364 
0.0008 
0.0917 
0.0958 
0.0942 
 
1.0837 
0.9510 
0.9611 
1.2363 
1.1709 
0.9897 
1.0598 
1.0106 
0.9992 
0.9995 
0.8991 
1.3259 
1.4430 
 
1.0837 
0.9510 
0.9611 
1.2363 
1.1709 
0.9897 
1.0598 
1.0106 
0.9992 
0.9995 
0.8991 
1.3259 
1.4430 
Loglikilihood 
-348.6041 
0.2125 
188.16 (P-value = 0.0000) 
Pseudo R2 
LR test  213  
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The results of the NegBin I, which is relatively restricted with overdispersion and the NegBin 
II are summarized and presented in table 17 below. These models were estimated using 
STATA software with maximum likelihood estimation. The standard errors of NegBin I were 
slightly lower than that of NegBin II. However, variables that are significant in NegBin I were 
also found to be significant in NegBin II at equal significance level except family size. Family 
size was significant at 1% in NegBin I, but only at 5% in NegBin II. Magnitudes of 
coefficients of the two models are almost comparable with magnitudes of NegBin II 
coefficients slightly lower than that of NegBin I. The incidence rates of the two models are 
also comparable and almost equal with slight variation. The magnitude of coefficients and 
standard errors between Poison and Negative Binomial models were also only slightly 
different. 
 
The log likelihood among the three models is also comparable with slight difference. 
However, there is some improvement in negative binomial models compared with Poisson 
model. Between NegBin I and NegBin II also, there is a minor increase in likelihood for the 
NegBin II, implying better fit of NegBin II over NegBin I. It also implies overdipersion is not 
a nuisance in this case. If overdipersion had existed, NegBin I would have performed better. 
  
The   LR test  213  statistic for NegBin I was 120.15 with P-value = 0.0000 while the same 
statistic for NegBin II was 120.29 with P-value = 0.0000. These statistics implies the rejection 
of the (null) hypothesis that all of the regression coefficients are simultaneously equal to zero. 
The Likelihood-ratio chi-square test of delta (the dispersion parameter in NegBin I) is equal to 
zero shows the test statistic is 0.04 with P = 0.419 while the same statistic for the test of alpha 
(the dispersion parameter in NegBin II) is equal to zero shows 0.18 with P = 0.334. These 
small test statistics associated with relatively higher P-values indicates non-rejection of the 
hypothesis that dispersion parameter is equal to zero, in both models despite the slight 
improvement in log likelihoods of the negative binomial models. This implies that the 
response variable is sufficiently described by Poisson model.  
Therefore, alike the result obtained using the QMLE of Poisson model the output of both 
NegBin models support that the Poisson model is appropriate and sufficient to explain the 
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response variable as the test for null hypothesis tests of the dispersion parameter is not 
rejected. Hence, result discussion and policy implication of the significant variables were 
made based on the estimation results of the Poisson model.  The discussion of these variables 
is given in the next section.  
 
Table 17 Estimation results of NegBin I and NegBin II, MLE 
 
*** and ** significant at 1% and 5% respectively for both NegBin I and NegBin II. 
†significant at 1% for NegBin I and at 5% for NegBin II. IRR= Incidence Rate Ratio 
(Likelihood-ratio test of delta = 0: chibar2 (01) =    0.04 with P = 0.419 
Likelihood-ratio test of alpha=0:  chibar2 (01) =    0.18 with P = 0.334) 
 
Variables NegBin I  NegBin II 
 Coef. Std.Err IRR Coeff. Std.Err IRR 
Constant 
Sexhhh     
Family size 
Educ_Primary 
Educ_Elementary  
Educ_hschool    
TLU 
Tsheep 
Experience 
Land size 
Market_dist 
Credit 
Market_info  
Vet_acces 
0.5301** 
 0.0800 
-0.0503 
 0.0396 
0.2130*** 
0.1582** 
 -0.0102 
 0.0581*** 
0.0105** 
 -0.0009 
 -0.0005 
 -0.1065 
  0.2825*** 
  0.3663*** 
0.2152 
0.1525 
0.0195 
0.0835 
0.0677 
0.0755 
0.0079 
0.0063 
0.0043 
0.0355 
0.0009 
0.0943 
0.0911 
0.0979 
 
1.0833 
0.9508 
0.9611 
1.2373 
1.1714 
0.9898 
1.0597 
1.0106 
0.9991 
0.9995 
0.8989 
1.3265 
1.4424 
0.5094 
0.0862 
-0.0494 
-0.0352 
0.2145 
0.1549 
-0.0101 
0.0589 
0.0108 
-0.0021 
-0.0004 
-0.1108 
0.2776 
0.3681 
0.2221 
0.1560 
0.0199 
0.0850 
0.0687 
0.0768 
0.0081 
0.0068 
0.0044 
0.0360 
0.0009 
0.0956 
0.0926 
0.0987 
 
1.0900 
0.9518 
0.9654 
1.2393 
1.1675 
0.9899 
1.0606 
1.0108 
0.9979 
0.9995 
0.8951 
1.3200 
1.4449 
/lndelta 
Delta 
/lnalpha 
Alpha 
-3.6571 
0.0258 
 
4.9637 
0.1281 
 
  
 
-4.4173 
0.01207 
 
 
2.4304 
0.0293 
 
 
 
 
Loglikelihood 
Pseudo R2 
LR test  213  
Obs.  
-348.58 
0.1470 
120.15(P-value=0.0000) 
177 
-348.5118 
0.1472 
120.29(P-value=0.0000) 
177 
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4.2.2.3. Determinants of degree of market participation-Poisson result 
   
Inline with past studies (Holloway et.al, 1999: Gezachwe, 2005: Rehima, 2007, Bahta and 
Bauer, 2007:  and Simeon et. al., 2009) on market participation,  socio-economic 
characteristics of households including family size, educational background of household 
heads, experience, and access to market information were found to be crucial variables to 
affect sheep keeping households market participation. In addition total flock size and access 
to veterinary service were also found to be important factor that influence number of sheep 
sold. Variables that are found to be important determinants of market participation are 
discussed under this sub-section in detail.  
 
Family size: Family size was significantly different from zero and affects the number of 
sheep sold negatively. The incidence rate of this variable as given in table 16 was 0.9510 
implying the rate ratio of number of sheep sold would be expected to decrease by factor of 
0.951 if family size of the households increases by one, holding all other variables constant. 
The justification may be households with large family size allocate their resources, especially 
land, to crop production to meet food grain demand of the household.  
 
Educational background: Educational dummies with illiterate reference variable were also 
significant and associated with rate of sheep sold positively. The coefficient of elementary 
education level was 0.2121 while that of high school educational level was 0.1578. The 
implication is that, ceteris paribus, the average number of sheep sold by households headed 
by those who have attained elementary education level was 23.63% more than that of the base 
variable - illiterate household head. Similarly, the average number of sheep sold by 
households headed by those with high school education was 17.09% more than that of 
households with illiterate household heads.  
 
Total number of sheep owned: As rationally expected, the flock size owned by the 
household was related to the number of sheep sold by the households positively and was 
significantly different from zero. The incidence rate ratio of total number of sheep was 1.0598 
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implying the rate ratio for the number of sheep sold by the households would increase by 
factor of 1.06 if number of sheep owned increases by one, ceteris paribus.  
 
Experience: The other significant covariate in the model was the experience of farmers in 
sheep production. It was found to be positively related to the number of sheep sold by the 
household during the one year period. The incidence rate ratio of this variable indicates that if 
the experience in sheep production of the household head increases by one year, the rate ratio 
of the number of sheep sold by the household would increase by a factor of 1.011, keeping all 
other variables in the model constant.    
 
Access to market information: Access to market information was found to be significant 
and positively related to the number of sheep sold by the households. Farmers who have 
access to market information are expected to have a rate 1.3259 times greater for the number 
of sheep sold, compared to farmers who have no access to market information, holding the 
other variables in the model constant.  
 
Access to veterinary service: The other significant variable among institutional variables is 
access to veterinary services.  It significantly and positively influences the number of sheep 
sold. Households who have access to veterinary services are expected to have a rate 1.443 
times greater for a number of sheep sold compared with those who have no access to 
veterinary service, ceteris paribus.  
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5. CONCLUSIONS AND POLICY IMPLICATIONS 
 
5.1. Conclusions  
 
Sheep contribute importantly to the livelihood of resource-poor farmers in Horro-Guduru 
Wollega Zone of Oromia. Sheep in the area are indigenous breeds known for their resistance 
to stress conditions. However, the sheep production system in the area is traditional, low 
input, and semi-subsistence oriented. Therefore, the agenda of the day has become 
reorientation of sheep production systems towards consumer preferences and demands 
through timely and comprehensive transformation. This needs proper identification of 
preferred traits of indigenous sheep which would then be used by breeders. Transformation of 
the production system based on preferred traits of sheep is not an end by itself. The program 
should be sustainable - which can be realized, inter alia, by sheep keeping households’ 
market participation. Towards this end, price and supply analysis of Horro sheep has been 
conducted with the specific objectives of identifying traits of indigenous sheep and other 
factors that determine sheep price and to investigate determinants of sheep keeping 
households market participation.  
 
To achieve the specified objectives, primary data were collected using structured 
questionnaire from a total of 200 sample households randomly selected and interviewed. The 
main variables collected from this survey include households’ demographic characteristics, 
access to institutional and support service, and resource base of the farm households. For the 
identification of determinants of sheep price a three round sheep market/transaction survey 
was made in four rural sheep markets of Horro-Guduru Wollega zone of Oromia. These three 
round data collection was targeted to capture seasonal variation of sheep price, especially 
holiday periods. A total of 195 transactions were made during the three surveys.  Data 
collected through these surveys were mainly traits of traded sheep, season, and market places. 
As markets in developing countries are inefficient and information asymmetry is common, 
data on attributes of buyers and sellers were also collected to consider marketers access to 
information and bargaining power.  
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For the analysis of the determinants of indigenous sheep price hedonic price model was 
employed. As heteroscedasticity is common in cross-sectional data and small sample data, 
alternative estimations mainly heteroscedasticity consistent estimation was made in addition 
to OLS estimation. The empirical estimations consistently showed that traits of sheep such as 
color, size, tail condition, and age are important determinants of sheep price. In addition to the 
traits of sheep, season and market places were important determinants of sheep price. Buyers 
attribute were also found to be determinants of sheep price.  
 
Production participation is a base for market participation. Farmers in crop-livestock mixed 
farming system face a dilemma in deciding on resource allocation among competing 
household farm enterprises via crop and livestock. Thus farmers face a two stage decision: 
production decision and selling decision. Such two-stage decision making problems can be 
handled by using two-stage econometric models. Heckman selection model is the most 
commonly used model for such problems. In this study also the method was tried but it was 
found out that self selection bias was not a problem at all. Probit model was fitted to 
investigate determinants of sheep production decision. The estimation result of the model 
indicated that among the explanatory variables considered livestock asset base, access to 
extension service, access to market information and educational background of the household 
head were found to be significantly influencing farmers’ production decisions. Most of these 
variables are positively associated with the probability that a household decides to engage in 
sheep keeping.  
  
To investigate the determinants of market participation, number of sheep sold per year was 
used as a dependent variable. Poisson model was employed as an analytical tool since 
smallholder farmers sell limited number of sheep in a given year where the response variable 
follows Poisson distribution. In addition, Negative Binomial models (NegBinI and NegBinII) 
models were also estimated and compared with Poisson model.  Empirical results of the 
estimations consistently showed that family size, educational background, flock size (number 
of sheep owned), number of years of experience in sheep production, access to market 
information, and access to veterinary service by farm households are key determinants of 
market participation for smallholder sheep keepers in Horro-Gduru Wollega zone of Oromia. 
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Except family size, all these variables positively influence number of sheep sold- market 
participation.  
 
5.2. Policy Implications 
 
The results generated and the discussions followed thereof have a number of implications for 
research and development planning and policy formulation. The following are the key policy 
implications drawn from the study. 
 
• The significance of various traits of indigenous sheep in determining prices paid for 
sheep implies the key importance of traits in influencing buyers’ preference. 
Transformation of sheep production systems towards consumer preferences and 
demands has to take into account the diversified traits of sheep. Therefore, the 
diversity of traits of sheep that influence the price paid to sheep in the rural markets 
implies the need for comprehensive breeding program. 
 
• The significance of season and market place in influencing determinants of price paid 
for sheep implies the need of targeting season and market places so that smallholder 
could benefit from the required change in production system. Alternatively, linking 
producers to urban markets where there is high demand is an important step to 
improve farmers return from the system.  
 
• Farmers’ access to support services like extension service and market information 
provision is crucial for the enhancement of farmers’ participation in sheep production. 
Therefore, in order to make smallholder farmers beneficiaries of the prevailing market 
opportunities, which arise from domestic as well as world wide increase in population, 
any development initiator should work towards the improvement of access and 
adequacy of support services for framers.  
 
• Market participation by producers is fundamental for reorientation of production 
system as well as for the sustainability of the aspired change. The study showed that 
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educational background and number of years of experience in sheep production are 
important determinants of degree of market participation implying the need for 
improvement of farmers’ sheep production know-how. This can be possible through 
tailored and timely training interventions for farmers. Therefore, targeted and adequate 
training for farmers is important to improve farmers’ market participation.  
 
• The rural road network in the area is very poor and hence weak flow of information. In 
addition, there is no structured information provision by government bodies or any 
other development initiator.  The study revealed current state of affairs in the area that 
access to market information is decisive factor to improve sheep keepers’ market 
participation. Therefore, improvement of farmers’ access to market information should 
get attention. This can be addressed by using the current government structure, 
specifically through the livestock agency that exists at a departmental level in Zone 
and district level. In addition, the work of agricultural market information provision 
should be integrated to other support services provided by development agents at 
kebele level.  
 
• Access to veterinary services is another factor that has to get top priority in order to 
enhance farmers’ participation in sheep production as well as marketing. As livestock 
in general performs multipurpose functions in crop-livestock farming systems, access 
as well as quality of veterinary services should be improved and the services have to 
be given at least at kebele level to reduce transaction/search cost of the service by rural 
farm households.  
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7. APPENDIX 
 
 
Appendix Table 1 Contingency coefficient for dummy variables used in probit, Poisson, and 
Negative Binomial (I and II) model. 
 Sexhh 
Educ_Pri
mary 
Educ_Eleme
ntary 
Educ_hschool Vetacces Extension Credit Market-info 
Sexhh 
Educ_Primar 
Educ_Elemen 
Educ_hschol  
Vet_acces 
Extension 
Credit 
Market_info  
1 
0.363 
0.361 
0.360 
0.053 
0.033 
0.147 
0.057 
 
1 
0.749 
0.735 
0.107 
0.187 
0.185 
0.202 
 
 
1 
0.750 
0.240 
0.098 
0.195 
0.199 
 
 
 
1 
0.081 
0.161 
0.192 
0.199 
 
 
 
 
1 
0.065 
0.112 
0.005 
 
 
 
 
 
1 
0.03 
0.014 
 
 
 
 
 
 
1 
0.02 
 
 
 
 
 
 
 
1 
Source: own computation 
 
Appendix Table 2 Variance inflation factor for continuous variables used in Poisson and 
Negative Binomial (I and II) models.  
 
Variables VIF  Tolerance  
TTLU 
Tsheep 
Experience 
Landsize 
DistMkt 
Famlsize 
1.622 
1.376 
1.198 
1.441 
1.075 
1.294 
0.617 
0.727 
0.834 
0.694 
0.930 
0.773 
 
Source: own computation 
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Appendix Table 3 Variance inflation factor for continuous variables used in probit model  
Variables VIF  Tolerance  
Agehhh  
Famlsize   
TTLU 
Landsize 
DistMkt 
1.341 
1.338 
1.267 
1.505 
1.016 
0.746 
0.747 
0.789 
0.664 
0.984 
Source: own computation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
